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Summary 

Since the end of the apartheid regime in 1994, the South African government has financed the 
construction of several million houses. However, a large part of the population still lives in 
shacks built from corrugated iion sheets or in other inadequate housing. Next to the 
corrugated iion shacks, a great number of houses with walls of hand-moulded and sun-dried 
earth blocks ('adobes') can also be found in the townships, where the poor black communities 
are concentrated. Due to inadequate roofing and lack of foundations, these earthen walls are 
insufficiently protected against rain water and rising moisture. This causes the walls to sag 
and crack. 

The University of the Free State (UFS) in South Africa wanted to examine if new forms of 
earth construction could contribute to solving the housing problems in a sustainable manner. 
A research partner was sought and found at the Eindhoven University of Technology (TU/e). 
The graduation project presented in this MSc thesis was aimed at strengthelling the theoretica! 
base of the UFS-TU/e project, from a building technology perspective. For this purpose, the 
concepts of local economie development, sustainable construction, and appropriate and 
acceptable technology, as well as their relations to each other, were explored in-depth. 
Furthermore, as part of the graduation project, different block types were analyzed and 
compared, with regard to relevant societal criteria. Research data and field experience from 
questionnaire surveys, conducted in selected target areas in the South African provinces Free 
State and Northern Cape, were important inputs for this research. 

Local production of building materials was an important point of reference. lt could create 
more jobs in the townships, where a large part of the potential labour force is unemployed. 
Thus far, building materials for government-funded housing schemes are imported from 
factories elsewhere in the country. This can provide the local communities with better houses, 
but it does not give them more job opportunities. By giving local entrepreneurs more chances 
for smali-scale production of building materials, the tackling of housing problems can be 
combined with fighting the high unemployment rate. In several areas, frred bricks are already 
produced locally in clarnps. This form of entrepreneurship, that creates local jobs, needs to be 
stimulated. The production of alternative, cheaper and more enviionmentally friendly 
materials could create new opportunities to do so. 

Even though locally produced frred bricks are certainly a better alternative to factory bricks as 
far as employment is concerned, there are several points of concern about them. For instance, 
the fuel needed for the production of frred bricks causes relatively high costs and 
enviionmental impacts. Furthermore, fired bricks are still unaffordable for a large part of the 
population and not every area has enough clay content in the soil for brick production. 
Traditional adobes are a much cheaper and more enviionmentally friendly alternative, but 
these blocks have a poor image. The general public associates them with the aforementioned 
problems (sagging and cracking walls). In the current building practice, this poor image is 
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justified. Though in theory, with proper application of the blocks (sufficiently protected 
against moisture) they could suffice perfectly. 

There are several ways to make earth blocks more moisture resistant. A well-known way is 
the mixing of a small share of cement (about 7%) with the soil. This leads to cement
stabilized earth blocks that are a lot stronger than regular adobes, even when they become 
wet. Even better results can be achieved if the cement-stabilized earth blocks are compressed 
when they are formed to increase their density. This can be done mechanically, but also 
manually with a relatively simple press. All the types of earth blocks discussed here can be 
produced locally with limited investments. 

The TU/e and UFS research project was aimed at the acceptability of earth blocks in several 
townships in the provinces Free State and Northem Cape. An extensive questionnaire survey 
amongst the local population confirmed the poor public image of traditional adobes. There 
was a strong preferenee for 'modem' materials such as fired bricks and cement blocks. 
Uncompressed cement-stabilized blocks did notscore much better, probably because they still 
have the same rough exterior and shape. Compressed cement-stabilized earth blocks were 
better appreciated. Because of their strength and smooth surface, they strongly resembie frred 
bricks. 

lt is important to take into account the preferences and limited financial means of the poor, 
particularly consictering that many of them will stay dependant of self-built homes for years to 
come. They should be provided with the right knowledge and materials to build themselves 
proper houses. That will lead to far better results than when the population just continues to 
wait for the govemment to build them houses and, in the meanwhile, keeps on living in 
shacks and other inadequate housing for years and years. 

The three aforementioned varieties of earth blocks (traditional, cement-stabilized and 
compressed) were compared with locally produced frred bricks and cement blocks. This was 
done on the basis of the following societal criteria: quality of housing, building costs, 
opportunities for local job creation and small enterprises, and the environmental impact. 
Combined with desk research, questionnaire results from the target areas were used as input 
for this comparison. Compressed earth blocks with cement-stabilization turned out the 
'winner' of that comparison. Next, the question was examined how the use of those 'preferred 
blocks' could be promoted, resulting in guidelines for design and construction. 
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Report outline 

Part I of this thesis explains the research set-up and the physical context of the research 
project (geography, climate, people and buildings). 

Chapter 1 discusses the scientific context of the project ( 1.1 ), the aim of the research 
and the research questions (1.2), the scope of the research (1.3), the social and 
scientific relevanee (1.4 and 1.5), the concepts and defmitions used ( 1.6), the research 
data gathered (1.7), the research design (1.8), and the expected results (1.9). 

Chapter 2 briefly describes the geography, climate, and the people of South Africa 
(2.1). The provinces Free State and Northem Cape (2.3) and the target areas of the 
research project (2.4) are discussed in more detail. This will provide useful 
background information and images to keep in mind when reading the rest of the 
report. 

Chapter 3 briefly discusses earth construction in South Africa: its history (3.1), the 
current practice (3.2) and the acceptability of earth construction (3.3). 

Part 11 discusses the societal goals to be achieved in the target areas. 

Chapter 4 introduces and tries to define the concepts of local economie development 
(4.2), sustainable construction (4.3), and appropriate and acceptable technology (4.4). 

Chapter 5 focuses on the characteristics of local economie development. Since 
successin local economie development would show in the fieldsof employment (5.2), 
housing (5.3), and education (5.4), those three fields are discussed. 

Chapter 6 discusses the characteristics of sustainable construction. To do so, it 
explores the characteristics of sustainable settlements (6.2) and of sustainable building 
technology (6.3). Since community involvement is essential for successful 
development projects, attention will also be given to the perception of environmental 
issues by the poor (6.4). 

Chapter 7 deals with the characteristics of appropriate and acceptable technology. 
The range of 'low', 'intermediate' and 'high' technology is explored (7.2), as well as 
the specific requirements of building technology for the poor (7 .3). Re-evaluation of 
indigenous knowledge (7.4) and the measuring of results in achieving appropriateness 
and acceptability (7.5) arealso discussed. 

Chapter 8 identifies four societal criteria (8.1 ), which will be used to assess the 
technological alternatives (the different block types). The chapter will also show why 
these criteria can be seen as good indicators for the success in achieving the societal 
goals discussed in previous chapters (8.2). Chapter 9 will link the societal criteria to 
building material characteristics. 
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Part 111 discusses and compares different block types for walling as technological 
alternatives to achieve the societal goals discussed in Part II. 

Chapter 9 discusses the basis for comparison of the technological alternatives 
(different block types). A unit for comparison is defined (9.2) along with its complete 
life cycle (9.3). The building material characteristics to be studied in each of the stages 
of the life cycle will be discussed (9.4), linked to the societal criteria of Chapter 8. 

Chapter 10 describes the different block types (10.2), their standard sizes (10.3) and 
production processes (10.4). Mortars and plastering wiJl also be considered (10.5). 

Chapter 11 gives a detailed comparison of the building material characteristics of the 
block types for each of the life cycle stages, as outlined in Chapter 9. 

Chapter 12 gives an overall comparison of the different block types (12.1), leading to 
an assessment of which technological alternative is to be preferred and other 
conclusions (12.2). 

Part IV discusses how the preferred technology, arrived at through the comparison in Part III, 
can be successfully applied and promoted. Basically, Part IV gives recommendations for the 
implementation of the main conclusions arrived at in Part ill (Chapter 12). 

Chapter 13 deals with good building design and construction methods for the 
preferred block type in relation to window and door openings (13.2), foundations 
(13.3), floors (13.4) and roofs (13.5), to arrive at design and construction guidelines 
(13.6). 
Chapter 14 gives recommendations for further research (14.2), as well as for the 
education of professionals, entrepreneurs and the general public (14.3). Finally, the 
importance of pilotprojectsis discussed (14.4). 

The focus of this thesis is on building technology and not on policy. However, based on the 
technological research it is possible to give some preliminary recommendations on 
governmental policies. For this purpose Appendix 1 was added. lt deals with governmental 
policies to improve the quality of housing (Al.2), to lower building costs (Al.3), to create 
more local jobs and support smal), medium and micro enterprises (Al.4), and to lower the 
environmental impact of building (A1.5). These policies are aimed at supporting and 
promoting the preferred technology discussed in Part IV. 
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PART 1: RESEARCH DESIGN AND CONTEXT 

Part I explains the context and set-up of this research project. First, the origins of the project, 
the aims and research questions, the scope of the research, the social and scientific relevance, 
relevant concepts and definitions, the research data, the research design, and the expected 
results are discussed (Chapter 1). 
After this discussion of the scientific context and research methodology, the geographical, 
climatic, bistorical and cultural context of the project will be elucidated (Chapter 2). The 
country, provinces and specific target areas of the project will be discussed. Earth 
construction will receive particular attention. 
Thus, Part I acts as an introduetion to, and provides background information for, the rest of 
this thesis. 

Cover mustration Part 1: 
Shack built from road signs in one of the target areas of this research project. Photo by author. 
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1. Research set-up 

1.1 SANPAD project 

This graduation project IS linked to a cooperative research project of the Eindhoven 
University of Technology (TU/e) and the University of the Free State (UFS) in Bloemfontein 
(South Mrica) concerning earth construction in South Mrica, funded by the 'South Africa 
Netherlands Research Programme on Alternatives in Development' (SANPAD). SANPAD 
funds high quality, development-related, collaborative research by South Mrican researchers 
in association with Dutch researchers. (See www.sanpad.org.za for more information.) 
Though this graduation project does not necessarily have to stay within the limits of the 
SANPAD project, it will use data gathered during that project and it will aim to contribute as 
much as possible to that project. 

The SANPAD project of TU/e and UFS is entitled 'A South-African Building Renaissance: 
Acceptability of sustainable, high quality, earth constructed, public and private buildings to 
support local economie development'. Researchers from the disciplines of planning, 
architecture, and building technology are involved. The main research question of this project 
is: 

How can we make earth construction both more effective and more acceptable in providing private and 
pubtic buildings to local communities in support of local economie development? (TU/e & UFS, 2002: 
6) 

The research hypothesis is that research and development can make earth construction an 
acceptable and sustainable alternative to conventional techniques, and can even turn it into a 
standard building method. 

Target areas were chosen in the South African provinces Free State and Northern Cape. The 
areas were chosen because of the presence of earth construction, the presence of small 
brickyards, the willingness of the communities or groups to take part in the project and the 
different earth building options demonstrated by the different areas. (See § 2.3 for more 
information on the target areas.) 

As part of the project, literature studies were done, questionnaire surveys were conducted 
among brickyards and the general public, local authorities were interviewed, technica] 
workshops were given, a community play on earth construction was developed and 
performed, and the questionnaire surveys were repeated after the interventions (workshops 
and play) to measure the change in attitude towards earth construction. No significant change 
in the acceptance of earth construction was shown, meaning more and/or different 
interventions are still necessary. (See the final report of the SANPAD project for more 
information (Steyn et al., in preparation). There is also a DVD with the community play.) 
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Though the SANPAD project is now already completed, a follow-up is guaranteed. Most 
notably, through two PhD research projects that have arisen from the project. 1 

1.2 Aim and research questions 

The aim of this research project is to contribute to mak:ing earth construction an acceptable 
and sustainable alternative to conventional techniques, in support of local economie 
development. 

Main research question: 
To what extent and under which conditions can different materials and techniques for 
building walls with earth blocks contribute to: 
(a) sustainable construction; 
(b) local economie development; and 
(c) appropriate and acceptable technology; 
in the context of the targetareasin South Africa? 

Answering the following questions would contribute to answering the main question: 

Questions concerning the societal goals (Part 11): 

> What are relevant concepts and definitions for (a) sustainable housing, (b) local economie 
development, and ( c) appropriate and acceptable technology? (Chapter 4) 

> What would be the characteristics of (a), (b) and (c) in the target areas? (Chapters 5, 6 and 
7) 

> What societal criteria could be used to establish to what extent different technological 
means contribute to (a), (b) and (c) in the target areas? (Chapter 8) 

Questions concerning the technological alternatives (Part 111): 

> What characteristics of the different block types need to be studied and how? (Chapter 9) 

> What earth blocks are available, or could be made available, for wall construction in the 
target areas? (Chapter 10) 

> What are the relevant characteristics of the different block types (compared toeach other 
and toother reference block types)? (Chapter 11) 

1 One of those projects focuses on value creation through modem earth construction; the other on teaching and 
training for effective earth architecture. The researchers are staff memhers of the UFS. 
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> How do the different block types score on the societal criteria? What block type is to be 
preferred? (Chapter 12) 

Questions concerning the implementation ofthe preferred technology (Part IV): 

> How can the use of the block type(s) secring best on the societal criteria be promoted 
through good design and construction (Chapter 13), research and education (Chapter 14), 
and geverrunental policies (Appendix 1)? 

1.3 Scope of the research 

Societal focus 
The housing problem in developing countries is a very complex problem, involving many 
aspects of society. This thesis will focus on the technological aspects linked to: 

> economie aspects (mainly through the concept of local economie development); 
> environmental aspects (mainly through the concept of sustainable construction); and 
> cultural aspects (mainly through the concept of appropriate and acceptable technology). 

In Part IV the scope will broaden somewhat to include other aspects relevant to 
implementation of technology (namely research and education). Geveromental policies will 
be discussed in Appendix 1. They fall out of the main scope of this study, but are important 
enough to receive particular attention. 

Politics 

Laws and regulations 

~ Economy ~ 
( Technology ) 
~ Environment / -- --Culture 

Education 

Figure 1.1 Main focus of this study. 

This study does not aim to provide specific, directly applicable, measures for supporting local 
economie development through sustainable construction with appropriate and acceptable 
technology. At best it can provide some guidelines for developing those measures. 
The study does aim to stress the importance and potential of using sustainable construction 
(with appropriate and acceptable technology) as a means for local economie development. 
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Furthermore, it tri es to strengthen the theoretica! base of the SANP AD project of TUle en 
UFS. 

Technological focus 
Houben and Guillaud (1994: 164) distinguish twelve types of earth construction: 

Figure 1.2 Different types of earth construction. 
Source: Houben & Guillaud, 1994. 

Hand-moulded adobe (sun-dried soil block) is the traditional way of building in large parts of 
South Africa, including the Free State and Northem Cape provinces, where the targetareasof 
this study are located. 
In line with the SANPAD project of TUle and UFS, this project focuses on upgraded earth 
construction techniques, such as cement-stabilized compressed earth blocks (CEB) and 
stabilized adobe. Stabilized CEB is an upgrading of the existing skilis and methods (Jooste-
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Smit, 1998: 78). Adobes and CEBs can be stabilized for erosion proofing from water and/or 
to limit the blocks' capacity to absorb water. Depending on the properties wanted and the 
limitations for costs of the blocks, different materials (Portland cement, lime, asphalt 
emulsion) can be used in different quantities to (semi-)stabilise them (McHenry, 1984: 74-
76). 5 to 8% cement is enough to stabilise CEBs (Jooste-Smit, 1998: 69). (See chapter 10 for 
a more detailed description of these materials and techniques.) 

1.4 Soeial relevanee 

The SANP AD project of TUle and UFS aims to develop and promo te sustainable building 
methods that contribute to: 

> better housing for the poor; 
> local economie development; 
> reducing the negative impacts of building on the environment. 

This graduation project aims to contribute to those goals by contributing to answering 
research questions of the SANP AD project. 

Part II of this thesis will show the social relevanee in more detail. 

1.5 Seientifie relevanee 

Technological alternatives and social, economie and cultural criteria can be studied in 
different contexts (in Figure 1.3 the different contexts are represented by the different 
squares). In this study the context is South Africa, more specifically the target areas of the 
SANPAD project (in Figure 1.3 symbolized as the yellow square). If one of the contexts (one 
of the 2D squares) is studied by itself it could be tilled in as a matrix (see Figure 1.5, page 
21). The relevant social, economie and cultural criteria as well as the relevant technological 
alternatives will vary with each context. 
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Different 
contexts 
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/ 
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.. 

Techn ological 
atives altern 

Figure 1.3 Societal criteria and technological alternatives can be matched in different contexts. 

The context of the target areas makes this project unique. Of course, building technology has 
been evaluated and optimized using social, economie and cultural criteria before, but never in 
this specific context. Furthermore, the specific context leads to a focus on eertaio 
technological alternatives and certain social, economie and cultural criteria. 

In other words: 

> Technological alternatives and societal criteria have been matched before, but these 
technological alternatives and these societal criteria have never been matched. 

> Technological alternatives and societal criteria have been matched before, but never in 
this context. 

1.6 Concepts and definitions 

For a detailed d.iscussion of 'local economie development', 'sustainable construction' and 
'appropriate and acceptable technology' see the literature study done on those subjects in Part 
II of this thesis. 
Providing exact definitions is not a goal in itself. For this project it is more important to 
identify a number of relevant criteria to evaluate technological alternatives. Those criteria will 
be discussed in Chapter 8. 
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Different methods of 'earth construction' are discussed in Chapter 10 of this thesis. A brief 
introduetion was already given in § 1.3. 

1. 7 Research data 

The following input will be used to answer the research questions: 

> Literature studies 
Literature studies (including online sources) concerning i.a. the subjects of (local) economie 
development, sustainable construction, appropriateness and acceptability of technology, 
housing, and earth construction, will provide valuable input. 

> Questionnaire data 
Questionnaires were administered by local students among local brickyard owners/workers 
and the general public to obtain information on the housing situation and population in the 
target areas, the use and production of building materials, and the perception and acceptability 
of different building materials. 

> Experience in the field 
Personal experiences in the target areas 1, as well as the extensive personal and professional 
experience of the involved researchers from the University of the Free State are valuable for 
complementing and assessing other research data. 

The data from these different sourees will be combined to answer the research questions. 
Discussion of data and preliminary results during meetings organised as part of the SANP AD 
project have helped to enrich and evaluate research data and results. 

1.8 Research design 

This research project takes three societal goals - local economie development, sustainable 
construction and appropriate and acceptable technology - as a starting points and tries to 
identify characteristics of those goals (in Chapters 5, 6 and 7). Based on those characteristics 
a number of societal criteria are chosen (Chapter 8), which are linked to building material 
characteristics (in Chapter 9). Those building material characteristics are studied for five 
technological alternatives (in Chapters 10 and 11). This leads toa match/mismatch matrix (in 
Chapter 12) to determine which alternative is to be preferred. Finally, the question how the 
preferred technology can be successfully implemented and promoted wil! be studied (in 
Chapters 13 and 14 ). 

1 The author was in South Africa for three months in 2004 to assist with the fust questionnaire survey and visited 
all the target areas during that survey. 
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1.9 Results 

The final results will be recommendations for the use and upgrading of earth construction to 
make it an acceptable alternative to conventional techniques in support of sustainable local 
economie development in South Africa. 

A matrix as illustrated below wiJl be instromental for achieving that result. 

Match/mismatch matrix 

Quality of housing 
(structural and thermal 
properties, durability, 
aesthetic quality) 

Building costs 

Possibilltles for 
local jobs and 
SM MEs 
(Iabour intensity; 
knowledge, facilities and 
investments required) 

Environmental 
impact 
(energy, waste) 

Reg u lar 
adobes 

Technological sltemstlves 
Stabilized Stabilized Fired bricks 

adobes CEBs 

Figure 1.5 Matrix tor the matching of societal criteria and wall types. 

Cement 
blocks 



Building Blocks tor Developmenl 

2. Location 

2.1 Geography and elimate of South Africa 

This section will provide some information on the geography and elimate of South Africa. 
The next section will provide more specific information on the Free State and Narthem Cape, 
the provinces where the target areas of this research project are located. 
The souree of the boxed texts is the official website of the central govemment of the Republic 
of South Africa (http://www.info.gov.za/aboutsallandpeople.htm) . 

Relief features 
South Africa's surface area falls into two major physiographic categories : the interior plateau, and the 
land between the plateau and the coast. Forming the boundary between these two areas is the Great 
Escarpment, the most prominent and continuous reliet feature of the country. lts height above sea 
level varies from about 1 500 m in the dolerite capped Roggeveld scarp in the south-west, to a height 
of 3 482 m in the KwaZulu-Natal Drakensberg. 
lnland from the escarpment lies the interior plateau, which is the southern continuatien of the great 
African plateau stretching north to the Sahara Desert. 
The plateau itself is characterised by wide plains with an average height of 1 200 m above sea level. 
The dissected Lesotho plateau, which is more than 3 000 m above sea level , is the most prominent. 
In genera!, the escarpment farms the highest parts of the plateau. 
Between the Great Escarpment and the coast lies an area which varies in width from 80 to 240 km in 
the east and south, and a mere 60 to 80 km in the west. At least three major subdivisions are 
recognised: the eastern plateau slopes, the Cape folded belt and adjacent regions, and the western 
plateau slopes. 

The target areas (see § 2.4) of this research project are on the interior plateau. 

N 

A 
Figure 2.1 Map of South Africa. 
Source: website South African Government Department of Environmental Alfairs and Tourism, 
http://www.environment.gov.za > Maps & mapping > Published maps.) 
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Climatic features 
The subtropical location, on either side of 30 "S, accounts for the warm temperate conditions so 
typical of South Africa, making it a popular destination for foreign tourists. 
The country also falls squarely within the subtropical belt of high pressure, making it dry, with an 
abundance of sunshine. 
( ... ) 

Rainfall 
South Africa has an average annual rainfall of 450 mm, compared with a world average of 860 mm. 
Sixty-five percent of the country receives less than 500 mm per year, which is generally accepted as 
the minimum amount required for successtut dry-land farming. Twenty-one percent of the country, 
mainly the arid west, receives less than 200 mm per year. 
( ... ) 
South Africa's rainfall is unreliable and unpredictable. Large fluctuations in the average annual rainfall 
are the rule rather than the exception in most areas of the country. Selaw-average annual rainfall is 
more commonly recorded than above-average total annual rainfall. South Africa is periodically 
afflicted by drastic and prolonged droughts, which aften end in severe floods. 

Temperatures 
Temperature conditions in South Africa are characterised by three main features. Firstly, 
temperatures tend to be lower than in other regions at similar latitudes, for example, Australia. This is 
due primarily to the greater elevation of the subcontinent above sea level. 
Secondly, despite a latitudinal span of 13 degrees, average annual temperatures are remarkably 
uniform throughout the country. Owing to the increase in the height of the plateau towards the north
east, there is hardly any increase in temperature from south to north as might be expected. 
The third feature is the striking contrast between temperatures on theeast and west coasts. 
Temperatures above 32 "C are fairly common in summer, and frequently exceed 38 "C in the lower 
Orange River Valley and the Mpumalanga Lowveld. 

Frost, humidity ( ... ) 
Frost aften occurs on the interior plateau during cold, clear, winter nights, with ice forming on still 
pools and in water pipes. The frost season (April to October), is longest over the eastern and 
southern plateau areas bordering on the escarpment. Frost decreases to the north, while the coast is 
virtually frost-free. Average annual relative humidity readings show that, in genera!, the air is driest 
over the western interior and the plateau. ( ... ) 
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Figure 2.2 Mean annual temperatures of South Africa. 
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2.2 Free State and Northern Cape provinces 

Below is some general information on the two provinces where the target areas are located, 
the Free State and Narthem Cape. 

Free State 
. t ·~ 
r:_ -- _", 

Capltal: Bloemfontein 

Prlnclpallanguages: Sesotho 64,4% 

Afrikaans 11,9% 

isiXhosa 9,1% 

Populatlon: 2 953 100 (Mid-Year Estimates, 2005) 

129 480 

%of total area: 10,6% 

GDPR at current prices (2003): 1 R 69 094 million 

%of total GDP: 15,5% 

Official unemployment rate 30,6% (Labour Force Survey, March 2005) 

Table 2.1 Facts and figures ontheFree State. 
Source: http://www.info.gov.za/aboutsa/landpeople.htm. 

Northern Cape 

Capital: I, Kimberly 

Principallanguages: Afrikaans 

Setswana 

isiXhosa 

11 
68,0% 

20,8% 

2,5% 

Pop u lation: 902 300 (Mid- Year Estimates, 2005) 

Area (km2
): 361 830 

%of total area: 29,7% 

GDPR at current prices (2003): R 29 659 million 

%of total GDP: 2,4% 

Official unemployment rate 30,6% (Labour Force Survey, March 2005) 

Table 2.2 Facts and figures on the Northern Cape. 
Source: http://www.info.gov.za/aboutsa/landpeople.htm. 
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It should be noted, that the target areas in the Northem Cape where on the east side of that 
province, close totheborder with the NorthWest province. The elirnatic conditions there are 
similar to those in the Free State. The elirnatic conditions in the western part of the Northem 
Cape are quite different (especially near the coast). Soil types and social conditions will also 
be different. The conclusions of this research project should therefore not be considered valid 
for the entire Northem Cape, but only for the target areas studied. 

2.3 Target Areas 

Target areas were chosen in the South African provinces Free State and Northem Cape (i.e. 
Botshabelo and Thaba Nchu, Makgolokweng near Harrismith, Taung/Pampierstad and Bakara 
Bodolong near Kuruman). The areas were chosen because of the presence of earth 
construction, the presence of srnall brickyards, the willingness of the communities or groups 
to take part in the project and the different earth building options dernonstrated by the 
different areas. 

SOU TH AFRICA • PROVINCES 

NAMIBIA 

U pington 

• 

NORTHERN CAPE 

BOTS'NI\NA 

Figure 2.4 Target areas (red squares). 
1. Kuruman 
2. Taung/Pampierstad 
3. Botshabelo and Thaba Nchu 
4. Harrismith 
Souree of map: www.anc.org.za/images/maps/samapo.gif. 
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The target areas can be categorized into three main types (Steyn et al., in preparation): 

> urban formal areas, which means townships that have been planned before settiement 
took place. They might not have all the services like water, electricity or a sewage system; 

> urban informal areas where settiement took place before planning was implemented. 
They may or may not have any services; 

> rural areas where the land belongs to the tribe and the local chief is in charge of the 
distri bution of plots. They may or may not have all the services. 

See the following table fora classification of the different (sub-)areas. 

Area Surveyed sub-areas Formal/informal/rural Number of houses 
surveyed* 

Botshabelo 
Block K informal 

390 
Block W forma! 

Thaba Nchu 
Bultfontein Extension 4 forma! 186 

lnformal settlements 
informal 212 

spread over town 

Harrismith 
Tsiame informal section 72 

Makgolokweng rural 130 

Taung 
Pampierstad tormal and informal 313 

Tsang and Manokwane informal 91 

Kuruman 
Bakara Bodolong forma! 231 

Mapoteng rural 165 

Total number of questionnaires: 1790 

Table 2.3 The target areas with the sample size for the questionnaire surveys of the TU/e-UFS 
SANPAD project. 
* The sample size for each of the sub-areas was calculated using Stoker's formula 20 * -Y (NI 20), 
where Nis the stratum size (TU/e & UFS, forthcoming). 
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Adobe walls are common in the target areas particularly in the more rural areas: 

Types of walls Percentage of homes wHh earth walls 

Botshabelo 9.8% 
earth walls 23.8% 

Thaba'Nchu 19.6% 
stabilized adobe 9.7% Kuruman 30.4% 
brick walls 15.6% 

Tsiame 51.4% 
cement block wa/Is 18.5% 

Mogelokeng 62.0% 
corrugated iron 25.8% 

Taung 34.1% 
other 6.6% 

Pampierstad 33.9% 

Table 2.4 Wal! types in the target areas. Table 2.5 Share of earth walls in target areas. 
Source: TU/e and UFS SANPAD project, questionnaire data, 2004. 

Soil types vary in the target areas. The clayey soils in Botshabelo and Thaba Nchu are well
suited for fired brick production; it is in those areas where most brick yards were found. Soils 
in the Northem Cape areas (e.g. Kuruman) are sandier, making them well-suited for the 
production of cement-stabilized compressed earth blocks. 

SOil. TYPES OF SOU1'lt AFRICA 

ÄllANTIC OCEAN 

200 0 200 

Albets EquaiAttil CLI!ict 1880 

Souroe: lnstrtute fot Soil Cllm•t• & W .ter, South Ahlu 

Figure 2.5 Soil types of South Africa. 

BOTSWANA 

LEGEND 

c::J Neie'tllaoloi~ Co•• .. , 
8ai1Ty .. , 

t•ct. l,la"'•a•ila"U: C ~"·lied c .. ,., 
UI.Gl>Giil (l .. elj 411•*4) 
....... Soih •IMII Lil.ll~lil•" Ll•elohlP'Ie 
'lH- Velbw-G •Y L-.onol D lii!UIIc C•let~• 
qac:, ;~~.d Ll11t01oGh. ..... 
s ... cn · Lil.a•••••d .... 
Skfa••' ::.'MI A ... viltl D .. j'" 
'*••'IJ' a...,. b•.cl Saih. a • lloc;t. 

Source: website South African Government Department of Environmental Alfairs and Tourism, www.environment.gov.za > 
Maps & mapping > Published maps. 
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Figure 2.6 will give a visual impression of the housing the target areas: 

Another corrugated iron shack. 

Adobe wall, covered with mud plaster. Corrugated Adobe house. 
iron roof held in place with stones. 

Cement block house in a tormal area. Relatively large adobe house in rural area. (UFS 
student taking questionnaire.) 

Figure 2.6 Houses in the target areas. Photos by author. 
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3. Earth construction in South Africa 

3.1 History of earth construction in South Africa 

This section will give a short overview of the history of earth construction in South Africa. It 
is based on a (draft) text by Petria Jooste-Smit for the final report of the TU/e and UFS 
SANPAD project (Steyn et al., in preparation). 

The long South African tradition of building with earth can be divided in two main streams. 
The first one is the use of earth by the indigenous people of the country. The second is that of 
the colonial settlers who brought earth building techniques from other parts of the world. 

lndigenous earth building traditions 
Building traditions were varied in different parts of the country. One form that was used 
extensively is the cylinder with cone-shaped roof. This form was also used by the Sotho and 
Tswana, indigenous peoples of Pree State and Northem Cape. A weaving of laths was 
smeared wit clay to form the wall. As people settled more permanently, more solid materials 
like sods or stone were used. The roofs were covered with thatch. This type of building is 
known as 'rondavel'. 

Figure 3.1 Rondavel. 
Source: CRATerre website, http://terre.grenoble.archi.fr. 

The dominant shape of houses changed from cylindrical to rectangular with the introduetion 
of corrugated iron sheets as a roofing material. With few exceptions, the thatched roofs have 
disappeared. Corrugated iron has become the dominant roofing materiaL Next to the new 
material corrugated iron, more contact with 'urban forms' through urbanization has also 
contributed strongly to straight walls with a flat roof becoming the dominant house type. 
There was a rich tradition of decorating the facades with paint. Usually the decorations were 
abstract, geometrie pattemsin bright colours. Unfortunately, the pride earlier generations took 
in decorating their houses, has now often gone. 



Figure 3.2 Traditionally painted adobe wall. 
Source: UEC UFS. 
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Because of new legislation that came into effect after 1994, farmers had to supply workers 
houses in line with the RDP housing (govemment subsidized housing) in urban areas. 
Beautifully decorated, earth constructed houses were replaced with ROP type houses, all 
looking identical. Usually they were built as a steel structure with brick infill. The conneetion 
of place and building materials (which often included the use of different soil colours for 
decorations) disappeared. Today, this architectural heritage can almost only be found in 
photos. 

Settler earth building traditions 
Some of the fmt settler houses in the Cape were single storey buildings with a rectangular 
plan built of wattie and daub. The roof was thatch. Today, very few wattie and daub buildings 
remain, since these were temporary structures, later replaced by more permanent structures. 
Later houses were built of stone or adobe. Por stability the walls were quite thick (50 to 80 
cm). The width of these houses was about six meters. 

Figure 3.3 Traditional adobe house in the Cape. 
Source: UEC UFS. 
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The walls of earth could not withstand the latera1 forces of the pitched roofs, if the spans of 
the roofs were more than that distance. The properties of the building material thus 
determined the characteristics of the architecture, leading to the unique Cape Dutch 
architecture. 

Figure 3.4 Cape Dutch house. 
Source: www.southafrica-travel.net. 

Solid earth walls were also used, for instanee for the early Free State houses. When a farm 
became more permanent, stone or adobe was used for construction. An example of this type 
of architecture is the First Raadsaai in Bloemfontein. This building has earth walls on a stone 
foundation. It was built in 1849 and is still standing. 

Figure 3.5 First Raadsaal, Bloemfontein. 
Source: UEC UFS. 

3.2 The current earth construction practice in South Africa 

Traditional earth construction 
Adobe walls are still widely used in the townships, particularly in the more rural areas. 
Unfortunately, adobe walls often show structural problems, such as deformations and cracks. 
These problems are experienced as inherent to the material, though they do not have to be. 
With adequate foundations, roof overhangs, and lintels above windows and doors, the 
problems would be a lot less. Buildings with adobe walls could last for decades. The 
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knowledge to build good adobe houses seems to have been lost to a great extent, leading 
people to prefer other, often non-traditional and more expensive, materials. 
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Figure 3.6a Commonly found problems in adobe houses. 
Sou ree: Bolton & Burroughs, 2001 : x. 
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Figure 3.6b Good design and construction principles for earth block walls. (See also figure 3.5a 
for comparison.) 
Source: Bolton & Burroughs, 2001: xi. 
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Upgraded earth construction 
Upgraded earth construction, such as cement-stabilized compressed earth blocks, has been 
used forsome (experimental) buildings, but it is still far forma common building method. 

Figure 3.6 A community hall with stabilized GEB walls near 
Bloemfontein for the Mangaung Univarsity Community Partnership 
Programme. The Unit for Earth Construction of the UFS helped 
with the production of the stabilized CEBs. 
Source: UEC. 

3.3 The acceptability of earth construction in South Africa 

Considering its rich tradition (Gerneke, 1992a/b/c) and taking into account such factors as the 
local climate, the use of local raw materials, the small environmental impact, the labour
intensity, and the lower costs, earth construction seems an appropriate technology for housing 
in South Africa. 

However, due to the resistance from consumers and the companies providing the service, it is very 
difficult to imagine that the demand for sustainable housing and better services can be satisfied with 
alternative clean technologies . The self-help tradition of poor families does not guarantee the use of 
these technologies, because they tend to copy medium and high-class construction concepts with a 
rnisunderstood concept of progress and modernity. (Du Plessis, 2002: 30) 

Earth construction techniques went into disfavour mainly due to the technological changes brought on 
by the Industrial Revolution and the consequent new demands of the consumer market It remains one 
of the major probierus that traditional rural construction methods, which are often more 
environmentally friendly, are mostly abandoned in cities because of a false idea of 'modernity'. (Ibid.: 
42) 

Though still widely practised in most developing countries, earth construction is often 
regardedas a symbol of poverty (Houben & Guillaud, 1994: 180-181). Local experience has 
proven the great attractiveness of 'modern', environmentally harmful, building materials: 
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In Zambia we put enormous effort into facilitating the use of soil cement block.s, and had the building 
regulations changed to permit mud blocks: to no avail. 
The residents saw this as their only chance to get a foot in the first rung of the ' proper house' ladder, 
and built in concrete block even though they were thereby sacrificing space. The symbolism of the 
concrete block house was irresistible. (Martin, 1984: 25) 

A questionnaire survey amongst the general public in the target areas conflrms the poor 
acceptability of adobe blocks and the strong preferenee for more 'modem' materials, such as 
flred bricks and cement blocks: 

What do you think the average quallty of walls 
made trom adobe is? 

I 
brickyards publlc 

1 

1very good 3.1 % , 3.1% 

good 12.5% 6.8% 

neutral 12.5% 8.8% 

poor 34.4 o/o 47.2% 

very poor 34.4 % 34.0 % 

no answer 3.1 o/o 0.2% 

Choose the two materials you preter most for 
building your wails 

first choice second choice 

corrugated iron 6.0 o/o 5.0 o/o 

bricks 59.6% 32.7% 

cement blocks 29.6 o/o 52.9% 

adobe 3.2% 3.9% 

wood 0.0% 0.0% 

wood & earth 0.0% 0.6% 

What problems are associated wlth adobe 
houses? 

• Will wash away, crack and collapse under 
the influence of rain and elimate 

• Won't lastIpoor quality 

The building material the general publlc most 
prefers for walls: 

brlcks 

Main reasons : 

• Looks good 

• Strong material I safe 

Figure 3.7 Acceptability of adobe and preterred building materialsin the target areas. 
Source: TU/e and UFS SANPAD project, questionnaire data, 2004. 

As mentioned before, the SANPAD project will try to find ways to make earth construction 
more acceptable. New, or newly applied, building materials and construction techniques need 
to be made acceptable to the general pubtic (as consumers); local entrepreneurs (as 
producers), e.g. existing brickyards; and local governments (as facilitators). Acceptance of 
earth construction as a valuable alternative by professionals, such as planners, architects and 
engineers, is also necessary. 

A minimum of 500 000 low-cost houses are financed per year by agencies in the Third World ; many 
more are owner built in inforrnal urban settlements and rural areas, a great percentage of them in earth. 
It is believed that such conununities can be convineed of the economical and technica! feasibility of 
updated methods of earth building. (Gerneke, 1992b: 38) 
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Unfortunately, earth construction in South Africa has had to cope with a Jack of interest by 
the building industry and the architectural profession. That resulted in relatively little research 
and scientific experiments done in this field (Gemeke, 1992c: 44). More research and 
experiments could certainly increase the acceptability of earth construction, particularly if 
there is a good dissemination of the results. This study and the SANP AD project of TUle and 
UFS will hopefully be of help in this effort. 
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PART 11: SOCIETAL GOALS 

Introduetion 

Part IJ explores the possibilities for supporting local economie development through 
sustainable construction in South Africa. Hopefully, it will provide some useful guidelines 
and background information for the (follow-up of the) SANPAD project and further clarify 
the socio-economie and environmental relevance, as well as the scientific relevance. The 
concepts of local economie development, sustainable construction, and appropriate and 
acceptable technology are discussed (Chapter 4). Fields where success in supporting local 
economie development can be found are explored (Chapter 5), as well as characteristics of 
sustainable construction (Chapter 6) and characteristics of appropriate and acceptable 
technology (Chapter 7). 
Finally, societal criteria are introduced (Chapter 8) to be used in Part III for assessing 
technological altematives. 

Cover mustration Part 11: 
House in a rural target area with plastered adobe walls. UFS student administering a questionnaire. 
Photo by author. 
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4. Concepts and definitions 

4.1 Introduetion 

This chapter will explore the concepts of sustainable construction and local economie 
development, in general and from a South African perspective in particular. As will be shown, 
the concepts are, and have to be, closely interrelated. 

There is also a direct relationship between the economie sustainability of the sector and its 
environmental impact. An economically efficient construction industry enhances environmental 
sustainability by ensuring least-cost methods of construction that encourage optima! allocation of 
resources and discourage waste. Furthermore, economie sustainability within construction requires that 
social and environmental costs are intemalised and reflected in the final product prices. (Du Plessis, 
2002: 17) 

It is also evident that the resources of most stakeholders in construction will continue to be directed 
towards socio-economie considerations, and ways will have to be found to achieve a balance of 
investment between socio-economie and environmental sustainability, exploring the synergies between 
the sectors. (Ibid.: 25) 

4.2 Local economie development 

The SANPAD project of UPS and TU/e aims to support local economie development, but 
what is (local) economie development? It is more than simply economie growth: 

In addition to the growth or increase in goods and services, the lifestyle and quality of life of the 
population as a whole should improve before we can say that economie development has taken place. 
(Smit et al., 2000: 450) 

This coincides remarkably with the view on sustainable development expressed in the Agenda 
21 for Sustainable Construction inDeveloping Countries: 

Development is also not just seen in its narrow meaning of growth, expansion and acqumng of 
knowledge, but as a progress through improvement, evolution and the quest for wisdom. (Du Plessis, 
2002: 6) 

Construction seems exceptionally suited for stimulating economie development in the sense 
of improving lifestyle and quality of life. Housing, infrastructure and services affect the way 
people live directly. Furthermore, construction can create more job opportunities and the 
revenues of the construction industry could be used to improve public services. That is, if the 
construction is based on good urban and regional planning and the right institutional 
structures are in place. 

In development theory the realization bas come more and more that problems need to be 
solved at a local level. A more bottorn-up than top-down approach is needed, based on the 
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culture, interests and knowledge of local people (e.g. Coetzee et al., 2001: 119-139). This is 
reflected in the South African policy on Local Economie Development (LED). 
The Department of Provincial and Local Govemment (DPLG) defines local economie 
development as follows: 

Local Economie Development (LED) is an approach towards economie development which allows and 
encourages local people to work together to achieve sustainable economie growth and development 
thereby bringing economie benefits and improved quality of life for all residents in a local municipal 
area. (www.dplg.gov.za) 

An LED manual for local govemments was developed (www.led.gov.za). This manual 
suggests strategies and instruments to promote local economie development. The strategies of 
SMME Promotion and Support and Community Economie Development seem most relevant 
with regard to the SANP AD project. SMMEs are small, medium and micro enterprises. Th ere 
are several different definitions of SMMEs, most of them relate to the number of employees. 
The local brickyards that were visitedas part of the SANPAD project will certainly qualify as 
small or micro enterprises, since most are run by only a few persons. Brickyards with more 
then five employees are an exception. 

Intemationally, the focus of govemment support to SMMEs has been on creating a conducive 
environment for SMMEs to develop and grow. This includes the provision of business infrastructure, 
the provision of finance, offering technica! support to SMMEs through business advice centres, 
involving SMMEs in govemment contracts especially infrastructure delivery, and targeting sectors 
where SMME involvement is enhanced through linkages and networks. 
( ... ) 
Community Economie Development focuses on combining employment training, human services and 
enterprise development to enhance access to and creation of jobs, careers and self-sufficiency for 
disadvantaged communities. In other words, this strategy aims to equip people in disadvantaged 
communities to take advantage of existing job opportunities, and to create new job opportunities by 
opening small businesses. (www.led.gov.za, LED Manual: 39) 

4.3 Sustainable construction 

"Sustainable development is development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs", is the well-known 
definition of sustainable development from the report Our Common Future (1987) of the 
World Commission on Environment and Development (WCED). 
The concept of sustainable development is embedded in the South African constitution: 

Environment 
24. Everyone has the right-
(a) to an environment that is not harmful totheir health or well-being; and 
(b) to have the environment protected, for the benefit of present and future generations, through a 
reasonable legislative and other measures that-
i. prevent pollution and ecological degradation; 
ii. promote conservation; and 
iii. secure ecologically sustainable development and use of natural resources while promoting economie 
and social development. 
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iv. secure ecologically sustainable development and use of natural resources while promoting economie 
and social development. 
( Artiele 24 of the Bill of Rights in the Constitution of the Republic of South Africa, 1996) 

Reaching sustainable development requires significant changes: 

We recognise that poverty eradication, changing consumption and production patterns, and protecting 
and rnanaging the natural resource base for economie and social development, are overarching 
objectives of and essential requirements for, sustainable development. (Johannesburg Declaration on 
Sustainable Development, 2002) 

People who are directly or indirectly involved in construction have every reason to be 
concemed with sustainable development, for it is estimated that the construction industry is 
responsible for roughly 40 per cent of all resource consumption and 40 per cent of all waste 
production (Du Plessis, 2001: iv). Construction also leadstoa number of other environmental 
problems, e.g. loss of arabie land, release of toxins into the biosphere, deforestation, and noise 
and dust pollution (ibid.: v). Unfortunately, the construction industry does not have a good 
reputation when it comes to social responsibility. It is known for greed, corruption, unfair 
Iabour practices and environmental destruction (ibid., 16). 
Nonetheless, an ambitious Agenda 21 for Sustainable Construction was published in 1999 by 
the International Council for Research and Innovation in Building and Construction (CID). In 
September 2002 an Agenda 21 for Sustainable Construction in Developing Countries was 
launched at the World Summit on Sustainable Development in Johannesburg. A specific 
agenda for developing countries is justified: 

( . .. ) creat.ing a sustainable built environment in the developing world requires a different approach from 
that taken by the developed world, and this is not often clearly understood and discussed. The problems 
and their scale, the development priorities, the capacity of the local industry and governments, as well 
as the skilis levels found in developing countries are often radically different from those found in 
developed countries. There are also certain cultural and worldview differences between the developed 
and developing world countries that impact on the onderstanding and implementation of sustainable 
development and construction. (Du Plessis, 2002: iii) 

The last mentioned document gives the following definition of construction: 

Construction is the broad process/mechanism for the realisation of human settlements and the creation 
of infrastructure that supports development. This includes the extraction and beneficiation of raw 
materials, the manufacturing of construction matenals and components, the construction project cycle 
from feasibility to deconstruction, and the management and operation of the built environment. (Du 
Plessis, 2002: 4) 

Sustainable construction is defined as: 

a holistic process aiming to restore and maintain harmony between the natura) and built environments, 
and create settlements that affirm human dignity and encourage economie equity. (Ibid.: 8) 

This broad approach should also be used with regard to poor living conditions in the target 
regions. They should not be seen as strictly a ·housing problem, but more as a settiement 
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problem, including infrastructural problems, lack of services, etc. (Marias, 2000: 5). A 
sustainable built environment should, furthermore, provide people not only with good houses, 
services, and infrastructure, but also with a healthy and safe environment that enables them to 
provide intheir livelihoods and develop themselves as human beings. 

Sustainable Development 

People 

Planet Prosperity 

Figure 4.1a. The well-known 'Triple P' of 
sustainable development: People (social and 
cultural aspects), Planet (environmental aspects) 
and Prosperity or Profit (economie aspects). 

Sustainable Development 

Environmental 
impact 

Acceptabi lity 

LED 

Figure 4.1 b. Key elements of this research 
project placed in the 'Triple P' model of 
sustainable development. 

4.4 Appropriate and acceptable technology 

Stewart said the following on the definition of technology: 

Technology can be defined as know-how, including human skills, capabilities and interface with 
hardware. lt can be transferred as such raising questions about techrwlogy transfer and appropriateness. 
(Steward cited by Shields in: Cole & Lorch, 2003: 41) 

The debate on what appropriate technology is has been going on for many years and is still 
continuing (Dierkx, 2003: 25). One definition is given in the Agenda 21 for Sustainable 
Construction inDeveloping Countries. lt seems an appropriate definition in the context of this 
study: 

Appropriate technologies are those that respond to the local environment, resources and economie 
needs. The development of new materials needs also to take into account the fact that the majority of 
the population is poor with very limited investment capacity. (Du Plessis, 2002: 39) 

Though for something to be appropriate is not enough to make it acceptable, detennining the 
appropriateness of a technology could be a good first step towards acceptability. It should be 
acknowledged, however, that it has little meaning without a second step of convincing local 
communities that the technology is appropriate (through different forms of awareness raising 
and education). That second step could prove even more challenging. 

This study and the rest of the SANPAD project will clarify to what extent earth construction 
is an appropriate and acceptable technology for the target regions in South Africa. 
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From a wide range of technologies, appropriate choices should be made, based on: knowledge 
(durability, efficiency etc.), neects (affordability, easy maintenance, availability), type of users 
(community, individuals, a firm), tak.ing into account the motives, perceptions and circumstances of the 
decision-makers. (Dierkx, 2003: 40, italics in original) 
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5. Characteristics of local economie development 

5.1 Introduetion 

What criteria should be used to evaluate the effectiveness of any project in supporting local 
economie development? One could start answering this question by stating that the criteria 
should reflect the aims of the project and provide solutions, or at least partial solutions, to real 
problems of the beneficiary community. Furthermore, criteria should be relevant and 
measurable. (Cf. Malan, 2000: 3.) 
Economie development was defined above (§ 4.2) as a development that improves the 
lifestyle and quality of life for the population as a whole. That poses the question of what 
indicators could be used to detennine whether or not lifestyle and quality of life have 
improved. 
With the aims of the project and the problems of the target communities in mind three 
possible areas where criteria for success could be found will be explored below. These areas 
are housing, employment and education. In these fields direct results from the SANPAD 
project can be expected. Of course, improvements in housing, employment and education can 
intheir turn lead to improvements in other fieldsas well, for instanee health and safety. Those 
improvements could be quite significant, for health and safety are major issues in South 
Africa. Better housing, with better inner climates, could have great health benefits; less 
unemployment could have a big effect on reducing crime; etc. Though not a direct subject of 
tbis study, those indirect effects should be kept in mind when assessing local economie 
development. 

5.2 Employment 

There is no doubt that unemployment is one of the major problems in South Africa. The 
creation of more job opportunities should therefore be a strong priority, if not the main 
priority, in any attempt to stimulate local economie development. 
The Free State Development Plan 2002!2005 illustrates this. lt set out a target of decreasing 
unemployment from 34% to 31% and creation of 34 000 new jobs affecting 5% of households 
by March 2005 (Free State Province, 2001: 26). Strategies set out to improve the employment 
situation include the promotion of creation and expansion of small, medium and micro 
enterprises (SMMEs) (ibid.: 26). 

The construction industry (in its narrow definition) is the Iargest industrial employer in the world with 
111 miltion people worldwide. Of these 74% are in the low-income countries. Since low-income 
countries produce only 23% of the global construction output, it is clear that the 'employment intensity' 
of construction activities is much higher in low-income countries than in the high-income ones. The 
construction industry and its employment conditions can therefore play a major role in human 
development and improving the quality of life for the poor. (Du Plessis, 2002: 15) 

Considering the potential of the construction industry and SMMEs for creating jobs, small 
brickyards could play an important role in local economie development (Steyn & Jooste-Smit, 
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2004: 91-93). That could possibly be even more so, if more use was made of earth 
construction techniques like stabilized adobe and compressed earth blocks (ibid.: 103; Jooste
Smit, 1998: 67-68). The production of earth building blocks like stabilized CEBs is a Iabour 
intensive process. Small and medium-sized plants could be started all over South Mrica, 
providing work to hundreds of people (Jooste-Smit, 1998: 72). 

In many poor communities in South Africa, e.g. Kuruman in the Narthem Cape, small entrepreneurs 
have started to produce earth blocks based on traditional skills, but already upgraded (add cement to 
adobe blocks). These groups run small brickyards, sell blocks and make a living from it. With training 
these brickyards can produce a higher quality block, which can be more acceptable. (TU/e & UFS, 
2002: 7) 

Local experience has proved that a person cannot be changed into - or trained to become- an 
entrepreneur or businessman through projects or funding if no interest or initiative was shown 
in the past. Rather, existing small businesses that have been running successfully for a period 
of time should be supported, either financially or through training (Diedericks, 2001: 50). 
That gives another argument to take local brick makers very seriously as a potential souree of 
further local economie development - for with little means, a lot of hard work and often very 
limited support, they have managed to run small businesses successfully. 

5.3 Housing 

As in many other parts of the developing world, lack of adequate housing is a major problem 
in South Mrica. The Free State Development Plan 2002/2005, for instance, states a housing 
backlog in 2001 of approximately 140 000 housing units intheFree State Province (on a total 
population of approximately 2,8 million). lt further indicates that it would take till 
approximately 2012 to eradicate the existing housing backlog at the current delivery rate 
(Free State Province, 2001: 13). When visiting the target regions, the problems with quality of 
housing and lack of services can be clearly seen. 
As mentioned before, the improvement of infrastructure, housing and services affects the 
quality of life of people directly. Therefore the quality of infrastructure, housing and services 
could be seen as an indicator of local economie development. lt should be realised, however, 
that housing is a probiernatie concept, open for many interpretations. Furthermore, improving 
housing has little meaning if no attention is paid to infrastructure, services and local 
circumstances (Marias, 2000: 5). The South Mrican White Paper on Local Govemment 
recognizes the importance of good household infrastructure and services: 

Local gaverrunent is responsible for the provision of household infrastructure and services, an essential 
component of social and economie development. This includes services such as water, sanitation, local 
roads, storm water drainage, refuse collection and electricity. Good basic services, apart from being a 
constitutional right, are essential to enable people to support farnily life, find employment, develop their 
skiiJs or establish their own smal! businesses. (RSA, 1998: § 2.1) 

The Agenda 21 for Sustainable Construction inDeveloping Countries points out that informal 
housing deserves special attention: 
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The informal sector is the biggest producer of housing stock in most developing countries. Most of it is 
illegal and built through self-help construction processes. ( .. . ) There is possibly nobetterstarting point 
for the sustainable construction agenda in the developing world than the shack. This building type 
which is predominant in all cities of the developing world, is a highly paradoxical phenomenon. ( ... ) it 
is rarely recognised that the shack and its related informal settiement types have extremely unique 
sustainability qualities which need to be enhanced. ( ... ) Key amongst these strengtbs are labour
intensive construction methods, locally soureed materials and highly structured, internally networked 
and mutually supportive communities. ( . .. ) On the other hand, the shack epitomises a lot of what is 
unsustainable about construction and the built environment. This is characterised by the following: 

Lack of tenure - most shack dwellers are squatters who occupy land illegally, often at very high 
densities. 
Inadequate shelter (poor construction and inadequate size for the number of occupants). 
Poor indoor air quality, especially due to inadequate ventilation and use of fossil fuels or biomass 
fuels. 
Major contri bution to water and outdoor air pollution. 
lligh vulnerability to both natura! disasters and man-made disasters such as fire. 

(Du Plessis, 2002: 28-29) 

The Agenda is critical of the South African experience thus far in improving the housing 
situation: 

At the house design and construction level, many low-income housing schemes show minimal 
improvements to the shack. ( . .. ) 
It is not uncommon to see subsidence, the craclcing of walls and unbearable indoor temperatures, 
coupled with wrong foundation and construction material choices yielding unhealthy environments and 
high maintenance costs. ( ... ) 
These housing interventions are also implemenled with little or no public participation and setdom 
make provision for adequate social services. Non-occupation, waste and corruption are further common 
problerns that can be highlighted. (Ibid.: 30) 

It is clear that there is a lot of room for improvement. Earth construction can offer great 
opportunities to better the housing situation of poor people. This becomes even clearer when 
the costs of earth construction are compared to the costs of other widely used materials like 
cement blocks and ftred brick (see Chapters 11 and 12). 

In the developing countries, construction in earth appears to be an effective means of building homes in 
the short term so that the greatest number of people can be housed, while at the same time encouraging 
the use of local resources for building materials, the training of building technicians and craftsmen, and 
the creation of jobs. (Hou ben & Guillaud, 1994: 7) 

5.4 Education 

An important aim of the SANP AD project of UFS and TUle is to educate and raise the 
awareness of local entrepreneurs (through workshops) and the general public. In actdition to 
the education and awareness raising during the research itself (through workshops, surveys, 
interviews), the dissemination of the research results could also be seen as an educational 
effort. The dissemination strategy includes workshopsllectures on the practice of earth 
construction in the target areas, community plays on earth construction in the target areas, 
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presentation of finctings outside target areas on a local, national and international scale, and 
articles in scientific and popular journals. 
Education is recognised as essenrial for (local) economie development. The success of any 
project to improve local economies depends very much on the involvement and education of 
local people. 

Any country's eventual prosperity and success depends on its human capital. All other production 
factors are passive and have to be activated by the human factor before they can contribute to the 
production process. ( . . . ) The development and training of people is therefore central in any country's 
efforts to achieve economie growth and progress. (Srnit et al., 2000: 663) 

Of course, more education is needed for local economie development than only education on 
building techniques. General education and literacy levels need great improvement. Though 
that is not within the scope of this study, or that of the SANP AD project, it is an essen ti al pre
condition for any long-term major (local) economie development. 
Special attention should be paid to education and the raising of public awareness on 
environmental issues and sustainability. This will be discussed forther in § 6.4. Local 
experience has shown that, when addressing the poorer communities about environmental 
issues, it is important to use simple terms and package it in a manner to which they can relate 
(Ebohan et al., 2000: 14). 
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6. Characteristics of sustainable construction 

6.1 Introduetion 

As mentioned before, true sustainable construction requires that attention is not only paid to 
buildings, but also to infrastructure and services. Furtherrnore, socio-economie and 
environmental issues need to be considered and community involvement is essential. 
Achieving sustainable settlements is the goal. Sustainable building technology is an important 
means to that goal, though it needs to be combined with other means, such as sustainable 
planning, raising public awareness, etc. 
This chapter will discuss criteria for sustainable settlements and sustainable building 
technology. 

6.2 Characteristics of sustainable settlements 

In 2001 the South Mrican Council for Scientific and Industrial Research (CSIR) was 
commissioned by the National Housing Department to do a study on the sustainability of 
human settlements in South Mrica (Du Plessis, 2003). One of the chosen points of departure 
for defining the sustainability of human settlements was the quality of life offered to each 
member of society. A set of (examples of) indicators for quality of life was developed (ibid.: 
11-12). Adequate, affordable housing and access to means of living and education were, 
amongst others, considered determinants for quality of life. Possible indicators included: 
quality of housing provided, level of services provided, percentage of people unemployed, 
and development support for small, medium and micro enterprises (SMMEs). 
Besides quality of life indicators, institutional indicators and environmental indicators were 
also given in the before mentioned study (ibid.: 12-13). The institutional determinants for the 
sustainability of settlements were grouped around the issues of financial capacity, institutional 
integration, operational efficiency, technica! capacity and politica! wiJL The environmental 
indicators were grouped around the issues of resource use, pollution and degradation, and 
proteetion of the environment. 
The study concludes the following: 

until such a time as appropriate benchmarks had been agreed upon and information collection has 
become a lot more sophisticated, a study of this type can only provide approximate guesstimates, not 
black and white answers. And even when the necessary numbers have been agreed on, the answers 
would be only marginally more accurate. At best, we can tick off items on a checklist of determinants. 
Whether their presence would lead to a more sustainable settiement will be determined by the 
relationships between these determinants, the values and aspirations of the inhabitants, and the 
particular resource lirnitations experienced by the settiement ( ... ) At most we can say that by 
addressing the issues outlined, a settiement will have a better chance of being sustainable in the long 
term than one where the issues are not addressed. (Du Plessis, 2003: 9) 

The South Mrican White Paper on Local Govemment recognises the importance and 
complexity of achieving sustainable and liveable settlements: 
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While strategies for building settlements may differ between localities, it is clear that the establishment 
of sustainable and liveable settlements depends on the coordination of a range of services and 
regulations, including land-use planning, household infrastructure, environmental management, 
transport, health, and education, safety and security and housing. (RSA, 1998: § 1.2) 

6.3 Characteristics of sustainable building technology 

One could simply say that sustainable building technology is building technology that 
contributes to the creation of sustainable settlements. Though this might be true, it does not 
give many practical means todetermine the sustainability of proposed building matenals and 
construction techniques. For that we will have to look more closely at the ways building 
matenals and construction techniques have an impact on the environment and affect 
sustainability in a broader sense (e.g. socio-economie factors). In addition, we will need to 
find ways to weigh and compare the different factors to determine the total effect on 
sustainable development. 
This study could not claim to be able to give such a model, the same that has been said above 
for sustainable settlements, has to be said for sustainable building technology: 

until such a time as appropriate benchmarks had been agreed upon and information collection has 
beoome a lot more sophisticated, a study of this type can only provide approximate guesstimates, not 
black and white answers. And even when the necessary numbers have been agreed on, the answers 
would be only marginally more accurate. At best, we can tlck off items on a checklist of determinants. 
(Du Plessis, 2003: 9) 

There are, however, techniques, even quite sophisticated ones, to make the 'guesstimates' 
more accurate, for instanee life cycle analysis or life cycle assessment (LCA). Unavoidably, 
certain subjectivity's and unquantifiable factors always remain, e.g. socio-economie factors. 
In addition, results always need to be reconsidered with the specific local circumstances in 
mind. However, LCA can still certainly be a valuable tooi and therefore deserves attention. 

Life cycle assessment is a "cradle-to-grave" approach for assessing industrial systems. "Cradle-to
grave" begins with the gathering of raw materials from the earth to create the product and ends at the 
point when all materials are returned to the earth. LCA evaluates all stages of a product's life from the 
perspective that they are interdependent, meaning that one operation leads to the next. LCA enables the 
estimation of the cumulative environmental impacts resulting from all stages in the product life cycle, 
often including impacts not considered in more traditional analyses (e.g., raw material extraction, 
material transportation, ultimate product disposal, etc.) . 
By including the impacts throughout the product life cycle, LCA provides a comprehensive view of the 
environmental aspects of the product or process and a more accurate picture of the true environmental 
trade-offs in product selection. (EPA, 2001: 4) 

Several models and software programmes are avaiJable to aid LCA. There are, however, a lot 
more data and tools available formatenals like concrete and frred bnck, than for 'altemative' 
matenals like adobe and stabilized CEB. Much work still needs to be done in that area. Since 
production and transport processes vary in different countries and at different locations, data 
from one context cannot simply be applied in another context. Furthermore, not only the 
amount of emissions and (waste) products resulting from production and transport will varyin 
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different contexts, the environmental impact of those emissions and (waste) products may 
also depend on local (climatic) conditions. 

Though this study cannot give definitive answers on the sustainability of building materials 
and construction techniques, it can discuss some deterrninants of sustainable building 
technology, without claiming to be complete. The Agenda 21 for Sustainable Construction in 
Developing in Developing Countries, for instance, points out the importance of reducing 
resource use. This can be achieved through the reduction of building material wastage; 
increasing the use of recycled waste as building materials; increasing energy efficiency in 
buildings, including the reduction of the energy needed for the production of building 
materials; water conservation; and more knowledge in the field of durability and maintenance 
of constructed assets (Du Plessis, 2002: 18-19). The reduction of harrnful emissions to air, 
water and earth should also be mentioned as an important determinant for more sustainable 
building technology. All factors should be considered 'from eradie to grave'. That is from the 
extraction of raw materials to the eventual disposal as waste, with all the phases in between 
(the production of building materials and products, their use and maintenance, re-use and 
recycling). 
Furthermore, a technology that is appropriate to the local situation is more likely to be 
sustainable. That will be further discussed in Chapter 7. 

Consictering the enormous environmental impact of the construction industry, it is of the 
utmost importance to achleve more sustainable building technology. To further illustrate that 
this will be a very challenging task, the following should be pointed out: 

The construction industry is traditionally very difficult to change, especially when it comes to the 
construction methods and building materials used. Companies follow the consumption pattems of 
clients who normally worship modemity and the development model of developed countries with its 
vices and problems. Furthermore, the construction sector is dominated by companies that are not 
interested in technology changes that involve risks and extra costs. (Ou Plessis, 2002: 37) 

6.4 Percaptions of environmental issues by the poor 

Since community involvement is essential for successful development projects, attention 
needs to be given to the perception of environmental issues by poor people. That may well be 
a crucial factor for the successful introduetion of sustainable construction techniques. 
Researchers of the De Montfort University (England) and the Peninsula Teehoikon (South 
Africa) did a study on the perception of environmental issues by the people of several 
townships in the Cape Town area (Ebohon et al., 2000). It showed that the relatively poorer 
people had less understanding of the concept of environmental sustainability and less 
knowledge of local, national and international environmental issues. 

However, they are more concemed about their immediate environment, which they perceive as 
generally poor. Most of the complaints were about the quality and size of houses, the Jack of open 
spaces, solid waste managementand socio-economie conditions in the area. (Ibid.: 11) 
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Furthermore, the relatively poor were far less able to link their own behaviour to factors 
responsible for environmental pollution and degradation. The general perception was that 
there could be no further economies in their consumption pattem or behaviour, especially 
gi ven the fact that their structures are erected with recycled materials. lt was their perception 
that redistribution of resources from the rich to the poor was a key factor in achieving 
environmental sustainability. More employment, better infrastructure and services, and better 
access to information as well as environmental education were also favoured criteria. Note 
how these criteria, preferred by the poor, are remarkably consistent with the earlier discussed 
criteria for local economie development (see Chapter 4). 

( ... ) it is also abundantly clear from the study that the issue of poverty must be addressed, as people 
cannot be expected to rise above their expectations, which is conditioned by their immediate 
environment. This will require employment creation and iocome generating opportunities. This reflects 
the popular opinion that environmental · sustainability must transeend the physical environment to 
address socio-economie issues u pon which meaningful environmentally sustai.nable development can be 
built. (Ebohon et al., 2000: 14) 
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7. Characteristics of appropriate and acceptable technology 

7.1 Introduetion 

In actdition to looking at the ways eertaio measures contribute to economie development and 
sustainable construction at a local level, one could also ask the question if the measures are 
truly local. How appropriate are the suggested measures for the local situation? And how 
acceptable are they for the local people? 
This chapter will try to identify characteristics of appropriate and acceptable technology. To 
do so, it will study the concept of 'intermediate technology' (§ 7.2) and the specific 
requirements of building technology for the poor (§ 7.3). Since a re-evaluation of indigenous 
knowledge could provide valuable clues for appropriateness and acceptability, this will also 
be discussed (§ 7.4). 

7.2 Intermediale technology 

When assessing technology, some type of 'technology scale' would be a useful tooi. Spenee 
and Cook use a scale ranging form 'low technology' to 'high technology': 

At one end of the scale are the low-technology methods, which can be roughly equated with the existing 
village technologies. They are cheap to establish; they are based largely, if not exclusively, on the use of 
local resources; they are well adapted to use by the individual or a smal I family group; and they produce 
goods suitable for use in the village or the immediate vicinity. But they are, on the other hand, relatively 
inefficient in the way they use both Iabour and raw materials, and the goods they produce are often of 
rather poor quality. (Spence & Cook, 1983:2-3) 

Regular adobes as well as bricks fired in clamps would qualify as low technology. 

At the other end of the scale are high-technology methods: into this category come the vast majority of 
imported production techniques, and hence also the matenals manufactured by these techniques. 
Arnong building materials, the cuerent methods of producing cement, steel, aluminium and glass (and 
the building products basedon these materials) faH into this category. (Ibid.: 3) 

High-technology matenals are most often also high-priced materials, making them 
inappropriate for low-income markets. Furthermore, "they require enormous capita! 
in vestment for each workplace, and thus generate very Iittle employment" (ibid.: 3). 

Between low and high technology is 'intermediate technology', perhaps the most useful in the 
context of this study. This type of technology has "a higher level of capita! investment than 
that of the traditional technologies, but substantialJy lower than that of the current 
technologies of the developed countries" (ibid.: 5). 

The principal characteristics of intermediate technologies, as defined by Schumacher (1973), are that 
they are cheap to establish, smalt in scale ( ... ); that they use relatively simpte production methods, and 
produce goods from local materials for local use. 

54 ! 
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( ... ) 
In many of their characteristics as defined above, intermediatetechnologies are similar to traditional 
technologies; but they are distinguished from them by making much more efficient use of Iabour and 
raw materials (for a small amount of additional investment) and by producing goods of acceptable and 
controlled quality. 
They are technically more efficient, making use of modem scientific knowledge in such matters as 
properties of materials ( ... ); and they are organizationally more efficient, in such areas as production 
planning and control, Iabour managementand financial controL (Ibid. : 6-9, i talies in original) 

A small amount of high-technology product can transform a low-technology product into an 
intermediate product with different properties. Cement-stabilization of earth blocks is an 
example of this method. 

7.3 Building technology tor the poor 

Providing building matenals for poor commumt1es will, of course, imply specific 
requirements and limitations. Not only will the costs have to be low, the lack of good 
education (as a basis for acquinng new teehoical skills) and a poor infrastructure can also 
limit the possibilities to introduce new matenals. Where the availability of raw matenals often 
does not even come into consideration when building matenals are chosen in Western 
countnes, availability needs a great deal more consideration in countries were resources are 
scarce. 1 

Since the poor wiJl not be able to pay professional contractors to build their houses, and the 
govemment will not be able to pay professional contractors to build houses for all of the poor, 
self-help building will remain essential for years to come. To improve the quality of housing 
some form of 'aided self-help' could be used. This could bedescribed as: 

( . .. )a new form of partnership. What the poor have to put into the partnership is essentially their labor. 
In much of the world, they also have the possibility of acquiring, at essentiaiJy no cost, only one 
possible building material, the earth beneath their feet. With these two things, labor and earth, they can 
do a great deal. But there are teehoical and other problems which they either cannot solve by themselves 
or are apt to solve in inappropriate, ugly, or expensive ways. It is here that the architect can make a 
major contribution. (Fathy, 1973: x.ii, from the foreword by W.R. Polk) 

Dr. Hassan Fathy, the Egyptian architect best known for his workon mud bnck rural villages, 
lists a number of conditions that must be satisfied, if a system of aided self-help is to succeed 
(Fathy, 1973: 118): 

(1) The building materials should be cheap enough for the people to buy or for the 
govemment to giveaway free. 

1 In his keynote speech for the conference Adaptables2006 (Eindhoven, 3-5 July 2006), Dr. Ir. Wim Bakens, 
secretary general of ClB, pointed this out as one of the reasoos why a specific Agenda 21 for Sustainable 
Construction in Developing Countries (Du Plessis, 2002b) was necessary in addition to the already existing 
Agenda 21 for Sustainable Construction. 
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(2) The people should be able to obtain the matenals by themselves, without 
governmental help, when the scheme comes to an end. That means, in practice, that 
they must be common local matenals. 

(3) The matenals should not need skilied labour to handle them, beyond what the people 
themselves can afford to engage. Most of the work should be of such a nature that it 
can be done by unsupervised labour. 

In short, aided self-help must aid people "to build in local, virtually costless matenals, using 
skilis which they themselves already have or can easily acquire" (ibid.: 118). 

7.4 Re-evaluation of indigenous knowledge 

The Agenda 21 for Sustainable Construction in Developing Countries suggests a re
evaluation of traditional knowledge. That may lead to more appropnate and acceptable 
solutions to contemporary problems. 

The concept of sustainable development as seen within the environmental movement was well 
understood by the early traditions in human civilisation. The indigenous people of developing countries 
have practical experience of the fact that hurnans are dependent on the earth's life support system and 
traditional cultures have practised sustainable resource use for millennia. Traditional communities have 
always used the natural materials of their immediate environments for construction and the resultant 
buildings have been well integrated into the natura] environment. ( ... ) Traditional building materials 
have the additional advantage of being cheap and easily accessible. Such materials have been proved 
also to be climatically friendly ( ... ) 

However, traditions provide us not only with examples of more sustainable construction pattems, but 
also with examples of processes for social sustainability in the creation of the built environment. 
Emergent construction activities are often based on the principles of sustainable construction in terms of 
usage of materials, environrnental friendliness, procurement systems geared towards embracing 
community methods of construction, and management practices found in the local culture and 
traditions. (Du Plessis, 2002: 40-41) 

It is understood, however, that traditional building practices cannot be successful by simply 
copying them. They need to be updated and upgraded to fit the modern context and be more 
acceptable (Du Plessis, 2002: 42). This is also true for earth construction (Jooste-Smit, 1998: 
63-64). Furthermore, it is needed to help people to use and master existing knowledge, 
whether indigenous or not, and develop new knowledge in a systematic and responsible way 
to improve their own quality of life (Houtondji in: Odora Hoppers, 2002: 36). 

( ... ) the traditional house and the technologies used to create it can be utilised as a springboard for 
research into more sustainable technologies. (Du Plessis, 2002: 42) 

So far, the relationship between indigenous knowledge and modern science has been far from 
symbiotic: 

A fruitful exchange of methods, a dialogue about heuristic procedures, and theoretica] and mutually 
pedagogical discussions could have taken place. An original synthesis of both systems would have been 
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elaborated through a progressive integration of indigenous knowledge into the dynamics of modern 
research. 
This was not the case, unfortunately. What we witness today, instead, is a situation where indigenous 
knowledge is marginalised. Inthebest cases, it goes its own way, side by side with the new knowledge 
system, in a relationship of mute juxtaposition and mutual ignorance, exclusive of all dialogue and 
exchange. ( . . . ) 
The problem, therefore, is .about the present status of indigenous knowledge in relation to imported 
knowledge. However efficient it may prove in some of its applications, indigenous knowledge today 
lies in the margins of science. lt appears as the informal sector, as opposed to the formal sector of 
knowledge. (Houtondji in: Odora Hoppers, 2002: 24, italics in original) 

7.5 Measuring results 

The results in such areas as employment, housing and education (as discussed in Chapter 5) 
can be, at least to some extent, quantitatively measured, by the number of extra or improved 
houses and jobs, the number of participants in workshops, the number of people that actually 
put the newly acquired knowledge to practice, etc. 
The degree of appropriateness or acceptability requires a more qualitative analysis, though 
statistica! information can, and should, be obtained on the acceptability of certain (proposed) 
changes through surveys. However, measuring attitudes is a complex matter (Henerson et al., 
1987; Krebs & Schmidt, 1993; Oppenheim, 1992). The researchers of the SANPAD project 
realised the importance of those methodological issues. A general study of the intricacies in 
designing an attitude survey was done as part of the project. Data collection in developing 
countries also brings particular problems withit (Casley & Lury, 1981). For instance, the Jack 
of quantitative data on informal housingor the great number of languages and dialects spoken 
in target areas. 

It should also be pointed out, as a warning, that the success of a project can be viewed quite 
differently by the practitioners and the project beneficianes (Malan, 2000: 1). 

Much development work in South Africa is walking on virgin soil. It is our challenge to develop 
appropriate methodologies with beneficiary communities to ensure that development projects achieve 
their intended outcome. For a good while still, we wiJl continue to discover what is appropriate as we 
walk- provided that, in the walking, we take care to getto understand each other's paradigms and to 
forge new understandings. (Ibid.: 5) 
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8. Societal criteria 

8.1 'lntermediary' criteria 

The previous chapters established that sustainable construction, local economie development 
(LED), and appropriateness and acceptability of technology, can beseen as 'building blocks' 
for overall 'development'. 'Development' can here be read as 'a process improving the 
quality of life for the people in the target areas, now and in the future'. We will now try to 
determine to what extent certain technological alternatives for housing can contribute to 
development. In other words, to what extent can real building blocksalso be (metaphorically 
speaking) 'building blocks for development'. 
To do so, it will be necessary to study different characteristics of the technological 
alternatives, such as materials required, costs, environmental impact, structural and thennal 
properties, etc. These characteristics need then be matched with societal criteria for 
development. Linking them directly to such broad and abstract concepts as sustainability, 
LED, appropriateness and acceptability, seems difficult, if not impossible. Therefore, it seems 
necessary, or at least helpful, to establish more specific and less abstract societal criteria, 
based on the broader and more abstract goals of local economie development, sustainable 
construction, and appropriate and acceptable technology. Preferably, these new 'intennediary' 
criteria should be easier to quantify and should have a research tradition of linking them 
directly to characteristics of building technology. 

For this purpose, the following societal criteria will be introduced 1: 

> Quality of housing 
Durability and weather resistance of building materials could be used as indicators, as well as 
the potential of different building materials to provide a healthy inner elimate (i.a. thennal 
properties). Visual aspectscan also be included as part of the (aesthetic) quality of housing. 

> Building costs 
Since the project focuses on housing for the poor, low building costs (including low 
maintenance costs) are an important criterion. Compared toother criteria, this criterion can be 
relatively easily expressed quantitatively. 

There is some evidence that building materials often constitute 70% of actual construction costs. For any 
shelter progranune to be successful, the cost of the materials should be as low as possible and also the 
materials should be as durable as possible. The energy content of earth, as a low-energy material, mainly 
consists of the energy spent in some primary croshing and transport. Hence, as earth can be produced 
locally, these costs can be al most negligible. (Ngowi, 1997: 1) 

1 Even though these criteria were specifically chosen for this project, other authors have used sirnilar criteria in 
sirni1ar contexts. Hazebroek lists the following preconditions for housing systems (in South Africa): 
affordability, acceptability for the user, answering the needs of the comrnunity, optima! use of local resources 
(Iabour and materials), economie benefits for the comrnunity, rnaintainability with local means (Hazebroek, 
2002: 17). 
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> Possibilities for local job creation and SMME development 
Since unemployment is a major problem in the target areas, the possibilities for local job 
creation should certainly be taken into account when assessing technological altematives. 
Furthermore, less unemployment will mean more income and more possibilities to invest in 
better quality housing. 
The labour-intensity of the production of materials is an important indicator. The arnount of 
knowledge and the machinery needed for production are also important factors. A relatively 
labour-intensive production, requiring a limited investment in knowledge and equipment, will 
be more likely to form a successful base for new smal] local enterprises, then more 'high
tech' materials. Earth construction seems a promising alternative in this respect. 

> Environmental impact 
Though public awareness of environmental issues may be low and sustainability may not be a 
priority for local authorities, the environmental impact of building is important enough - for 
the long-term health and wealth of the people - to be considered an important criterion for 
choosing building materials. Important aspects are the energy needed to produce and transport 
building materials, the waste and harmful emissions caused during the production and use of 
the materials, and the possibilities for recycling. Several methods exist for quantitatively and 
qualitatively assessing the environmental impact of building materials (e.g. several methods 
for Life Cycle Assessment). 

In Chapter 9, these societal criteria will be linked to building (material) characteristics that 
could be considered as sub-criteria. 

8.2 Linksges of societal goals and criteria 

All the criteria discussed in the previous section are interlinked and linked to all of the three 
main goals (local economie development, sustainable construction, and appropriate and 
acceptable technology), as the following brief discussion will show: 

Quality of housing 
Quality of construction ts now broadJy recognised as an essential part of sustainable 
construction, as this concept has come to include more than just environmental concerns. 
Sustainability is concemed with people, planet, and prosperity, not just with the (natural) 
environment (planet). 
Adequate housing has also been recognised as a precondition for (local) economie 
development. If the (potential) work:force is poorly housed, this will result in more health 
problems, more crime, and other problems that have a negative impact on (local) economie 
development. One could say "that adequate and decent housing constitutes an indispensable 
part of the infrastructure of a producti ve society" (Hagan, 1997: 21 0). 
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'Quality of housing' is only true quality of housing if the (local) community recognises and 
enjoys this quality. This links quality of housing to such concepts as appropriateness and 
acceptability. 

Quality of housing can be directly linked to specific and quantifiable properties of building 
technology, such as structural and therrnal properties of materials. The aesthetic quality of 
housing is more abstract, but the perceived quality of buildings and materials can, however, 
be directly evaluated through questionnaires. 

Building costs 
If we consicter the widely recognised 'Brundtland definition' of sustainable development, it 
seems essential for sustainability to let people meet their (housing) needs, now and in the 
future. This implies that 'sustainable construction' also means that the building costs should 
remain within the financial means of the people most in need of better housing. 
The (total) building costs involved with a certain technological alternative, determine whether 
or not the housing is affordable to the people in the target areas. If people cannot afford the 
technologkal alternative, there will, of course, be no market for those building materials. 
Thus, it will not be able to contribute to local economie development. 
Furthermore, 'unaffordable' seems a clear example of 'inappropriate' and 'unacceptable'. 

Building costs can be quantified (in South African Rand or another currency) and are directly 
linked to the chosen materials and production and construction processes. 

Possibilities for local job creation and SMME development 
This relates directly to the 'third P' of sustainability (profit or prosperity). 
The choices of building materials and production and construction processes determine the 
amount of work that can be provided (the number of workers that can be hired). Furtherrnore, 
they determine whether or not local smali-scale production is possible. This indicates the 
potential for local economie development. 
The ability to produce building materials locally is broadly recognised as a principle for the 
appropriateness of technology in developing countries. Furtherrnore, since there is a great 
need for jobs in the target areas, it seems likely that the local communities will gladly accept 
an appropriate technology that can provide new job opportunities. 

Including the amount of work needed for certain production and construction activities (e.g. 
hours of work needed for a certain quantity of building material), makes it possible to indicate 
the job opportunities it could (theoretically) create. Studying what materials, equipment, and 
facilities are necessary for construction and production, makes it possible to determine 
whether or not the technology is (in principle) suitable for local smali-scale enterprises. This 
makes it possible to link the specific building technology characteristics to the abstract 
concept of local economie development. 
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Environmental impact 
It needs no argument, that the environmental impact of building technology is clearly linked 
to the concept of 'sustainable construction'. 
Since the (natura!) environment is a souree of raw materials, it forms the basis of local 
economie development. Though disregarding the environmental impact might lead to profit 
on the short-term, it will inevitably lead to less profit or prosperity on the long-term. 
Hopefully, this insight will also (gradually) lead to govemments imposing stricter 
environmental policies on businesses. Consictering environmental impact will thus become a 
prerequisite for doing business at all. Environmentally sound technology becomes a better 
business opportunity for local entrepreneurs, when technologies with a bigger environmental 
impact are discouraged by govemments or become less accepted by the general public. 
Though public awareness of environmental issues is relatively low in the target areas at this 
moment, when quality of life is improved and more information is disseminated to the general 
public, this will (in the long-run) lead to less acceptance of air pollution and other negative 
environmental impacts. That will make building technology with a smaller environmental 
impact more acceptable. Furthermore, building matenals made from local raw materials and 
local smali-scale production are often (albeit not always) more appropriate as well as more 
environmentally sound. Thus appropriateness and environmental sustainability go hand in 
hand. 

Several methods for quantifying the environmental impact of building materials have been 
developed (using life cycle analysis). Software programs and databases for that purpose also 
exist. Unfortunately, the databases for these methods and software are most often only 
developed for building materials and production processes of developed countries. 

Undeniably, other criteria could be formulated to judge if technological alternatives contribute 
to the three before mentioned societal goals. However, though they may not be complete or 
exhaustive, the four 'intermediary criteria' discussed above, at the very least, seem important 
and useful criteria for those goals. 
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PART 111: TECHNOLOGICAL ALTERNATIVES 

Introduetion 

Part m will assess different building materials in terms of their (potential) contributions to the 
societal goals discussed in Part II (local economie development, sustainable construction, and 
appropriate and acceptable technology). 

First, the metbod of assessing the different building materials is described (Chapter 9), 
including the building (material) characteristics that will be studied (linked to the societal 
criteria of Chapter 8). After that discussion of how the different materials will be assessed, a 
description of what materials will be assessed follows (Chapter 10). A detailed comparison is 
made of the different alternatives (Chapter 11). Finally, an overall comparison with 
conclusions is given (Chapter 12), 

The data used for the comparison of the different technological alternatives was obtained from 
the sourees mentioned in§ 1.7 (literature, questionnaire data and field experience). Additional 
information was provided by producers of block making equipment and by researchers of the 
UFS. 
It should be noted that literature provides far more teehoical information on fired bricks and 
cement-stabilized CEBs than for the other block types. In all cases, it was necessary to make 
at least some assumptions to complete and analyze the data. As much as possible, these 
assumptions were made in line with the information that was available (from literature studies 
and questionnaire results) and 'common sense' basedon field experience. 

Cover mustration Part 1: 
See Figure 10.1 (page 74). 
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9. Assessment of the technological alternatives 

9.1 Introduetion 

This chapter describes which characteristics of the different technological alternatives (with 
different building materials) will be studied and in what manner. 

This study will be limited to one element of the buildings constructed, namely the walls. Of 
course, the choice of building material for walls could be of influence on the choice of 
matenals for other building elements such as the roof and foundation. That in its turn could 
influence, for instance, the total cost and environmental impact of the building. 
In this part of the study, it will be assumed that all other building components remain the 
same, regardless of the wall material chosen. This seems reasonable, since in this specific 
context the choice of roof material is most often corrugated iron sheets, regardless of the wall 
material, and foundations also do not vary greatly. Often in informal housing there is no 
foundation at all (shacks) and in more forma! projects simple concrete foundations are used. 
In general, matenals are not chosen for their match with other building components, but 
simply for availability and affordability. 

The matching of building material characteristics with the societal criteria will indicate what 
effect those characteristics have on the overall performance of the building material. If 
possible, the negative effects shouJd be minimized by choosing a better composition of the 
matenals (e.g. a different amount or type of additive), a better production process, a better 
construction process, and/or a better maintenance process, et cetera. 
When a building material is thus modified, its compliance with the criteria should be re
assessed to see to what extent the modifications improve the overall performance. 

9.2 Functional unit 

In order to be able to compare the different building materials, their characteristics need to be 
consistently quantified. The same units of measurement need to be used. lf characteristics 
cannot be (fully) quantified, and therefore need to be analysed (more) qualitatively, the same 
qualitative scale or framework should be used for all the different materials. 
Furthermore, the characteristics need to be contributed toa certain unit that makes it possible 
to campare them in a relevant manner. For instance, if material A is more expensi ve than 
material B, but less of material A is needed to construct the same size house, it would be 
unfair to compare the materials A and B simply by their costs per kg of material. The different 
amount of material needed for the same function (i.e. a certain size house) should be taken 
into account. This should be achieved by choosing a relevant functional unit. In this study the 
materials will be compared using the functional unit of one square meter of wal! (solid 
exterior wall, no openings). 
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lt will be assumed that withall the different materials the same wall surface (i.e. the same size 
house) with the same size of openings will be constructed. 

9.3 Complete life cycle 

For a good comparison, it is necessary to take into account the entire process of production 
(including raw materials and additives), construction, use and maintenance, and possible reuse 
and disposal of waste. Only if this full 'life cycle' of the building material is analysed ('from 
eradie to grave'), will it be possible to draw a complete picture of all the costs involved when 
using that material. The same goes for its environmental impact. 
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Figure 9.1 The different stages in the building process with 
the main actors. 
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9.4 Characteristics to be studied 

To judge to what extent the technological alternatives match with the economie, social, 
cultural and ecological criteria, a number of characteristics of the different building materials 
need to be known. Table 9.1 indicates which properties of the building matenals could be 
used to assess their compliance with specific criteria. 

Criteria Relevant characteristlcs of building materleis 
Quality of housing • Structural properties (strength, flexibility) 

• Durability (weather resistance) 

• Effect on indoor elimate (building physics) 

• Aesthetic quality (image) 

• Knowledge required tor construction and 
maintenance 

Building casts • Total casts tor buyer of building materials 
Possibilities tor • Required investments (equipment) 
SMME development • Total casts and benefits tor producer 

• Knowledge required tor production 
Environmental • T otal energy u se 
impact • T otal water use 

• Total environmentally harmful emissions 

• Reusability of building materials after use 

• Total waste 

Table 9.1 Societal criteria and the building material characteristics that 
could be used to assess the compliance with those criteria. 

Most probably, none of the alternatives will have a perfect score on all of the criteria. For an 
overall judgement the characteristics and criteria will have to be weighed against each other. 
Priorities indicated by the local communities in the questionnaires will be helpful in that 
process. 

Characteristics that delermine the quality of housing 
Certain structural and physical characteristics can be expressed quantitatively based on 
standard testing methods. Other characteristics will have to be expressed more qualitatively 
and subjectively. Since the questionnaires have shown that regular (flred) brick is considered 
an ideal building material that looks good, the aesthetic quality could perhaps be linked to the 
degree to which the materials studied resembie regular brickwork. 
The (new) know-how and skilis required by self-help builders for successful construction and 
maintenance needs to be taken into consideration. The more specific knowledge is needed for 
good construction and maintenance, the more likely it is that mistakes will be made (due to 
Jack of that knowledge) and the more likely it is that building failures will occur (e.g. cracks). 
While it is relatively easy to set up a training program for the producers of building materials, 
it will be very difflcult to set up a full training program for all self-help builders. Therefore, 
simple but effective technologies that require little speciflc knowledge are to be preferred. 
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Characteristics that determine the building costs 
Of course, the pnce of the building matenals is an important determinant of the building 
costs. However, other costs related to the building matenals need to be taken into account as 
well. There could be additional costs for transporting the matenals to the construction site. 
During construction and during maintenance additional costs rnight also occur (e.g. cost of 
additives, water use). 

For existing products the current pnce can be used. For new products the expected pnce will 
have to be estimated (based on questionnaire date). 

Characteristics that determine the possibilities for SMME development 
The total (expected) costs and (expected) benefits for the producer of the building matenals 
need to be determined to establish whether or not the production can be profitable. In addition 
initia! investrnents required need to be taken into account. Private capita! and/or bank credits 

are hardly available, so it will be very difficult to establish production facilities that require 
expensive equipment. Production processes that require only simple inexpensive equipment 
are therefore preferable. Labour intensity is not a problem, it can even be considered a great 

advantage, since creating new jobs is one of the main aims and Iabour is relatively cheap. 
The know-how and skills required for successful production of the building matenals should 

also be take into consideration. The more specific knowledge is needed for good production, 
the more likely it is that mistakes will be made (due to lack of that knowledge) and the more 
likely it is that the end products will be of lesser quality (resulting in loss of profit). An 

effective training program could help prevent that. 

Characteristics that determine the environmental impact 
The use of scarce resources such as water and energy, harrnful emissions during production 
and use (e.g. air pollution, ground water pollution), and the type and amount of waste 

involved, are generally considered major determinants of the environmental impact of 
building matenals. Assessing environmental impact is a complicated matter. Existing methods 
(and software) for life cycle analysis (LCA) could be of help. 
With frred bncks and earth construction the environmental impact of the excavation of soil 
should also be considered. 

Of course, it is vital to assess the reliability and sensitivity of all values and/or descriptions 
found for the different charactenstics. 
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To de termine the characteristics mentioned in Table 9.1, certain characteristics per stage in 
the material's life cycle need to be exarnined. These are listed below: 

1. Raw materials and additives 
a. Quantity 
b. A vailability 
c. Casts (including transportation to production site) 
d. Environmental impact (including transportation to production site) 

2. Production of building materials 
a. Equipment required, including its availability and costs 
b. Labour required, including its costs (wages, if applicable) 
c. Knowledge (training) required 
d. Fuel and/or energy use (e.g. coal for firing bricks), including its costs 
e. Water use, including its costs 
f. Environmentally harmful emissions (e.g. smoke when firing bricks) 
g. Waste created during production 
h. Expected revenues 

3. Building materials 
a. Structural properties (strength, flexibility) 
b. Durability (weather resistance) 
c. Effect on indoor elimate (building physics) 
d. Aesthetic quality (image) 
e. Price (+ costs of transportation from production site to construction site, if not 

included in price) 
4. Construction 

a. Equipment required, including its costs 
b. Labour required, including its costs (wages, if self-help none) 
c. Knowledge (training) required 
d. Fuel and/or energy use, including its costs 
e. Water use, including its costs 
f. Environmentally harmful emissions 
g. Waste created 

5. Building components (walls) 
a. Structural properties (strength, flexibility), including chance of failure (e.g. chance of 

cracks occurring) 
b. Durability (weather resistance) 
c. Effect on indoor elimate (building physics) 
d. Aesthetic quality (image) 
e. (Expected) life span 

6. Use and maintenance 
a. Maintenance requirements (Iabour, materials, water use, etc.), including its costs 
b. Knowledge (training) required 
c. Fuel andlor energy use, including its costs 
d. Water use, including its costs 
e. Environmentally harmful emissions 
f. Waste created 

7. After use (demolition, reusable materials, waste) 
a. Reusability of building materials after use 
b. Waste after use, including its environmental impact 

Table 9.2 Building materials characteristics to be studies in different phases of the building process. 
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10. Description of the different building materials 

1 0.1 Introduetion 

The UFS and TUle SANP AD project focuses on upgraded earth construction techniques, such 
as cement-stabilized compressed earth blocks (CEBs) and cement-stabilized adobe. This 
thesis will compare those upgraded earth construction techniques with some more 
conventional block types, namely regular adobes (without stabilization or compression), frred 
bricks and cement blocks. This study will only consider local, small scale block production, 
since that type of production is most suited for local economie development and self-help 
building schemes. 

The following sections will give a more detailed description of the different block types and 
their production processes. 

1 0.2 Block types 

Earth blocks 
Minke distinguishes several types of blocks made from earth: 

Blocks of earth produced manually by throwing wet earth into a formwork are called 'adobes' or 'mud 
bricks' or 'sun-dried earth blocks'. When moist earth is compacted in a manual or powered press, the 
compressed elements so formed are called 'soil blocks'. In their unbaked state, bricks produced by an 
extruder in a brick plant are called 'green bricks'. These three types of blocks are usually the same size 
as baked bricks. Larger blocks, compacted in a formwork by ramming, are called 'rammed earth 
blocks'. (Minke, 2006: 62) 

This study will use the same definition for 'adobes'. However, what Minke calls 'soil blocks' 
will be called 'compressed earth blocks' in this study. Furthermore, for this study it will be 
necessary to distinguish between blocks with and without stabilization. 

Stabilization 
Rigassi defines stabilization as follows: 

Stabilizing a soil is to !end it properties which are irreversible in the face of physical constraints. A great 
many parameters intervene, depending as much on the design of the building, on the quality of the 
matenals used, on economie aspects of the project, on issues of durability. For stabilization to be 
successful, the process used must be compatible with these various imperatives. 
( ... ) 
The main objectives being pursued are: 

obtaining better mechanica! performances: increasing dry and wet compressive strength; 
reducing porosity and variations in volume: swelling and shrinking with moisture content 
variations; 
improving the ability to withstand weathering by wind and raio: reducing surface abrasion and 
increasing waterproofing. 
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There are three stabilization processes: 
Mechanica! stabilization: the properties of the soil are modified by treating its structure: 
compaction of the soil modifies its density, its mechanica! strength and its compressibility, its 
permeability and its porosity. 
Physical stabilization: the properties of a soil can be modified by treating its texture: a controlled 
mix of the various partiele fractions. 
Chemica! stabilization: other materials or chemica! products are added to the soil and modify its 
properties. 

(Rigassi, ~ 995 : 41-42) 

In a way, good design, construction and maintenance could also be seen as an important 
' stabilization process'. Buildings with walls made from earth blocks without (mechanical, 
physical or chemica!) stabilization have lasted for decades, even for centuries. Roof 
overhangs to proteet walls from rain, good foundations preventing the earth walls from 
coming into contact with moisture from the ground, and well-maintained plastering are 
measures that can give earth walls without stabilization a teehuical performance and lifespan 
comparable toother well-accepted building materials. Hence, a traditional saying from south 
England goes: 'All cob 1 wants is a good hat and a good pair of boots'. 
Good examples can be found al over the world, including in South Africa. Nevertheless, tbere 
are also numerous examples of earth constructed buildings that were not well-designed, not 
well-executed and/or not well maintained. Those buildings show serious problems with 
moisture and cracks. Unfortunately, the target areas show many examples of such poor
quality earth constructed homes. 

Do stabilize when the material is going to be exposed [to water] : bad design, failing to take account of 
the fundamental principlesof building with earth, or location constraints: a damp site, or walls exposed 
to driving rain, for example. (Rigassi, 1995: 42) 

Though attention for better design, construction and maintenance remains important, making 
the blocks themselves stronger and less sensitive for moisture seems essential to improve the 
quality of earth constructed housing for the poor in the target areas. Guaranteeing good 
design, construction and maintenance with self-help building in informal and semi-formal 
settlements with a high poverty rate is very difficult if not impossible. Quality control at local 
brickyards and training of block makers are easier to realize. From a quality of housing point 
of view this pleas for more actvaneed stabilized earth blocks over raw earth adobes. The 
higher costs and environmental impact of stabilized blocks, however, should also be 
considered. This will be done in the next chapter. 

This study will defer somewhat from the above cited definition of stabilization. In this report 
'stabilized' means chemically stabilized through the actdition of cement. 'Compressed' means 
mechanically stabilized through compaction in a block press. 
Though it is possible to make compressed earth blocks that are not (chemically) stabilized, in 
this study the term 'compressed earth blocks', or 'CEBs' for short, refers to earth blocks that 
are stabilized with cement as well as compacted with a press. In other words, in this report 

1 Cob is a type of earth construction with straw added to the mud mix for strength. It was common in the UK and 
is similar to adobe. 
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'compressed earth blocks' or 'CEBs' can be read as 'cement-stabilized compressed earth 
blocks'. For the sake of clarity, the term 'stabilized CEBs' will be used from this point 
forward. 

The most common stabilizers are cement and lime. The percentages to be added depend on 
the soil type and the preparatien of the soil. For cement, a percentage of 5 - 8 % is common. 
For lime, the percentages are higher (6 -15 %). 
Lime is not recommended for stahilizing stabilized CEBs, because lime stabilization requires 
a relatively high moisture content, while the compression of earth blocks requires a fairly low 
moisture content. Furthermore, lime stabilization works best for soils with a relatively high 
clay content, while soils with a relatively high sand content are preferabie for stabilized CEB 
production (Rigassi, 1995: 46). 
For (uncompressed) stabilized adobes, lime could be used insteadof cement. Lime production 
has a smaller negative impact on the environment. Furthermore, lime-stabilized blocks have 
lower thermal conductivity than cement-stabilized blocks (Adam & Jones, 1995), which is 
another environmental advantage. Cement is a more common and readily available building 
material, already widely used for mortar, concrete and in soil-cement blocks. That could give 
it a benefit in terms of acceptability. Furthermore, cement-stabilized blocks score better on 
mechanica! properties, such as compressive strength (Hagan, 1997: 214-215).1 

Cement blocks 
'Cement blocks' are also called 'soil-cement blocks' or 'concrete blocks'. They come in 
different sizes, massive as well as hollow (with perforations). This study only considers 
relatively small massive blocks, as these are most commonly used in the target area. They can 
be very similar to stabilized adobes, only with a (much) higher cement-content. 
Some brickyards in the target areas produce cement blocks next to ftred bricks. 

Fired bricks 
'Fired', 'burnt', or 'baked' bricks are blocks made from clay, heated (in some type of kiln) to 
a temperature in the range of 950 to 1 200 oe (Beamish & Donovan, 1993: 69). 

When the temperature starts to rise over 600 oe, chemica] changes begin to occur in the clay which give 
the brick colour, hardness and durability. Temperatures of 900 oe and above cause vitrification to 
occur. This means that a small quantity of glass-like material forms which helps glue all of the elements 
in the clay together. It is after this point of vitrification that the brick wiJl be at its hardest and most 
resistant and will beideal for construction. (Beamish & Donovan, 1993: 69) 

1 For the purpose of a study on the compressive strength of stabilized soil blocks in Ghana, Hagan ( 1997) 
establishes a minimum of 1.4 MPa for the wet compressive strength after 28 days of curing. He bases this on the 
recomrnendations of several prominent researchers and institutes. He showed that lime alone could not give 
blocks this strength (15 % lime gave a 28-day wet compressive strength of only 0.6 MPa). eement-stabilized 
blocks did obtain the required strength (9 % cement gave a 28-day wet compressive strength of 2.07 MPa). The 
28-day wet strength of lime-stabilized blocks improved considerably when part of the lime was replaced with 
Portland cement. As far as compressive strength is concemed, the study showed that cement, or at least a time
cement mixture, is a far better stabilizer than lime. 
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1 0.3 Standard sizes 

The different block types can be produced in a wide range of shapes and sizes. In this study 
the following standard sizes for the different types of blocks will be used: 

Type of block Length x wldth x height Number of blocks % mortar joints 
(in mm) per m2 of wall (percentage of wall 

surface I volume) 

Regular adobe 300 x 200 x 100 29 13% 

Stabilized adobe 300 x 200 x 1 00 29 13% 

Stabilized CEB 295 x 140 x 90 33 12% 

Fired brick 220 x 110 x 75 
I 

51 18% 
I 

Cement block 295 x 140 x 90 33 12% 

Table 10.1 Standard sizes of different block types and the number of blocks per m2 of single 
skin wall. (See Appendix 2 for the sourees and calculations forthese figures.) 

10.4 Production processes 

The raw materials and equipment needed for the production of the different blocks will be 
further discussed in the next chapter. For a good understanding of the different materials, 
however, it could be helpful to flrst give a short general overview of the production processes 
of the blocks. Here smali-scale production processes are discussed that are presently in use at 
the target areas or could be set up there. All the block types can also be produced industrially 
at a large scale, but that falls out of the scope of this study and wou1d be in contrast with the 
aim of local economie development. 
As the overview shows, the production processes of the different block types are remarkably 
similar. This suggests that it should be possible to train local producers of fired bricks and 
cement blocks to produce good quality earth blocks, instead of or next to fued bricks and 
cement blocks. 

(Stabilized) adobes 
Soil is wetted until it gets a workable consistency. The soil is then put into a mould and the 
excess soil is scraped of. The mould is then turned around. The resulting block is left in the 
sun to dry, and tumed around regularly to dry evenly. 
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The production of stabilized adobe is very similar to that of regular adobe, with the only 
difference that a quantity of cement (commonly 5 - 8 % is added to the soil). Instead of 
cement other stabilizers, such as lime, may also be used. This study, however, will only 
consider cement-stabilized adobes. 

Figure 10.1a Blocks at an adobe production site near Bloemfontein. 
Photo by Petria Jooste-Smit. 

Figure 10.1b The smaller blocks are stabilized adobe; the larger blocks 
are reg u lar adobe. Photo by Petria Jooste-Smit. 

Stabilized CEBs 
The production of stabilized CEBs is similar to the production of stabilized adobe. The main 
difference is that the mould, where the soil-cement mixture is put into, is part of a (manual or 
mechanized) press for compaction of the block. The entire production process of stabilized 
CEBs can be mechanized to a high degree. Consictering the LED aim, this study will focus on 
smali-scale manual production processes. Detailed guides for stabilized CEB production are 
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available from companies selling equipment as well as from independent research institutes 
(e.g. Rigassi, 1995; Houben et al., 1996). As a follow-up of the SANPAD project, the UFS is 
currently developing a manual for the production of stabilized CEBs. 

Step 1. I nsert lever arm. 

Step 4. Pre-compaction. 

Step 2. Fill chamber with soil
cement mix. Push off excess 
soil-cement mix. Mix must be 
level with chamber 

Step 3. lnsert Lid and push the 
lid down. 

Step 5. Full compaction Step 6. Eject block. 
(Excessive force should not be 
required, ± 50 kg force). 

Step 7 Carry block away and stack 5 high for curing for 7 days. 
Cu ring of blocks requires watering blocks daily for 7 days. Blocks 
to be covered with plastic sheeting. 

Figure 10.2 Production of stabilized CEBs. 
Source: product information Hydrafarm hand press, 2007. 

Fired bricks 
The ftrst phases of the production of ftred bricks are very similar to the production of adobes. 
The difference is that, after a period of sun-drying, the bricks are baked. They are stacked 
with thin layers of coal pieces between the layers of bricks to form a ziggurat-shaped fteld 
kiln. The kiln is covered with mud to keep the heat inside. Through small openings the kiln is 
then set on ftre. The coal burns and spreads the ftre through the kiln and the bricks are baked. 
After a period the kiln can be disassembled, providing different types of bricks. Depending on 
whether they were in the centre or near the outside, some bricks will have been heated more 
than others. This leads to different types of bricks, which are sorted. 
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(For a detailed description of building a coal-frred brick kiln, see Beamish & Donovan, 1993: 
84-92.) 

Figure 10.3 One of the larger brickyards in Botshabelo. In the front 
are sieves tor soil (left) and stacks of coal (right), in the back several 
clamps and stacks of baked and unbaked bricks. Photo by author. 

Figure 1 0.4 A small brickyard with one clamp in Botshabelo, showing 
that women also workon the brickyards. Photo by author. 



Figure 10.5 Unbaked bricks. Up to this phase the 
production processis basically the same as for adobes. 
Photo by author. 

Cement blocks 
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Figure 10.6 Dismantled clamp after 
firing, providing bricks of different 
quality. Photo by author. 

The smali-scale production process of cement blocks is comparable to that of stabilized 
adobes. There only is a (much) higher percentage of cement in the soil-cement mixture. 
Cement blocks are already produced at some of the local brickyards in Botshabelo and Thaba 
Nchu. 

1 0.5 Mortar and plastering 

When considering masonry work, one, of course, needs to consider not only the bricks or 
blocks, but also the mortar joints. Depending on the brick or block size, those joints will form 
a significant part of wall in terms of wal] surface or volume (see table x). Of course, the 
mortar will have a great influence on the structural and thermal properties of the wall, as well 
as on the costs and environmental impact. 

Mortar is used to acconunodate slight irregularities in size, shape and surface finish of bricks, thus 
providing accuracy and stability to a waiJ. In so doing, gaps between bricks are also closed, thus 
excluding wind and rain and increasing the wall strength. (ll..O, 1984: 149) 

Some research suggests that soil-cement mortars would be directly suited to their 
corresponding stabilized CEBs without the need for additional cement stabilisation (e.g. 
Walker & Stace, 1997: 551). Other researchers recommend the use of one and a half times as 
much cement for mortar as for the blocks (Rigassi, 1995: 16). An operator's manual for the 
BREPAK block press says the following: 

What mortar mix is to be used? 

The soil and stabiliser mix designed for the production of blocks can be used as a mortar. However, 
better resistance to rain penetration will be achieved by increasing the proportion of stabiliser and as a 
general rule about twice the amount of stabiliser is required in the mortar mix. A good mortar wiJl be 
easily spread and the actdition of lime in mixes of cement and soil helps the workability. 
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Once again experience of work.ing with local soils wiH determine the best mortar mix. Avoid making 
mortar from soils which have a high clay content, shrinkage cracks in the joints can be expected to 
affect waterproofing. Use low clay content soil or find a souree of clean sand as a substitute. Sand is 
recommended ifstrength and porosity are problems. (Webb & Lockwood, 1987: 45) 

As a good 'compromise' this study will assume a cement content of stabilized CEBs and 
stabilized adobe of one and half times the cement content of the blocks. Since the cement 
content of mortar will influence the total costs and environmental impact, further research on 
the optimum mortar mix, for the specific soil types in the target areas, is recommended. 
However, since the mortar constitutes a relatively small part of the wall, compared to the 
blocks, and the assumption (of 1.5 times as much cement) is most probably in the right order
of-magnitude, it will suffice for the purpose of this study. 

This study will assume a mortar mix of sand and cement, with 3 parts sand to 1 part cement 
(cf. Spenee & Cook, 1983: 91; ll..O, 1984: 154). 

This study will assume the same mortar mix for cement blocks as for fired bricks (as they 
have roughly the same mechanica! properties, e.g. compressive strength, see next chapter). 

Type of block Morlar mix assumed In thls study 

Regular adobe Soil 

Stabilized adobe 
Soil and cement, 
1.5 times cement content of blocks 

Stabilized CEB 
Soil and cement, 
1.5 times cement content of blocks 

Fired brick 
Soil and cement 
3 parts soil : 1 part cement 

Cement block 
Soil and cement 
3 parts soil : 1 part cement 

Table 10.2 Mortar mixes assumed for the different block types. 

When cernparing thematenals required for different types of walls, in order to establish total 
costs and environmental impact, it should be considered that walls of earth blocks without 
stabilization require plastering (rendering). The plastering will involve additional costs and 
environmental impacts. Furthermore, the plastering will require regular maintenance. 
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11. Detailed comparison of the different building materials 

The contents of this chapter follow Table 9.2 (see page 65). Where possible, data from the 
questionnaire surveys in the target areas was used. To a large extent, this data was 
complemented with data found in literature. Further field research is recommended to ensure 
the validity of the results in the specific context of the target areas. 

11.1 Raw materials and additives 

a. Quantity 
The following table lists the raw matenals needed for the production of the different 
block types. Appendix 3 explains the assumptions and calculations on which these 
quantities are based. 

Raw Quantity requlred per m2 of wall (in kg or dm3
) 

materia Is 

Reg u lar Stabllized Stabllized Fired brlck Cement 
adobe adobe CEB block 

Soil 220 dm3 185 dm3 173 dm3 137 dm3 150 dm3 

Cement n/a 19 kg 19 kg 6 kg 39 kg 

Fuel and water 

Co al n/a n/a n/a 135 kg n/a 

Water Ditterences in water use are assumed negligible. 

Table 11.1 Raw materials needed for one square meter of wall with the different block types. 
(See Appendix 3 for the sourees and calculations forthese figures.) 

b. A vailability 
Soil and/or water are most often available on or near the block making site. This is often 
the reason why those sites are located at that location. Cement and coal need to be 
transported to the site from or by suppliers. However, availability of raw matenals is not 
necessarily a successful precondition for the choice of location. Proximity to potential 
clients can be at least equally important. Furthermore, the presence of other bnckyards 
can give agglomeration advantages: 

Most of the brickyards in tllis survey are in areas with high unemployment, so Iabour costs are the 
same in all these areas. However, the agglomeration of groups of brickyards in both Thaba Nchu 
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and Botshabelo indicates that there is an agglomeration advantage in these respective locations, as 
most of the individual brickyards in these groups are much bigger than their competitors 
elsewhere. In both groups it seems that the location is near their elient market, with water 
available, but the traditional material (clay) has to be transported to the sites. (Steyn & Jooste
Smit, 2006: 98) 

c. Costs 
The most expensive raw matelials are cement and coal. 
A plice indication for one bag (50 kg) of cement in the target areas is 50 to 55 Rand. 
Assuming a plice of 50 Rand per 50 kg bag, this means 1 Rand per kg of cement. 
A plice indication for one ton (1000 kg) of coal for brick firing is 380-420 Rand. 
Assuming a plice of 400 Rand, this means 0.4 Rand per kg of coal. 
(Price indications by the UFS, February 2007. At that date 1 euro equalled 9.30 South 
African Rand). 

Materlal Costs for raw matenals per m2 of wall (In Rand) 

Regular Stablllzed Stablllzecl Ffred brtck Cement 
adobe adobe CEB block 

Soil Soil assumed very cheap ortree of charge. 

Cement n/a 19 16 6 41 

Fuel and water 

Co al n/a n/a n/a 54 n/a 

Water Ditterences in water use assumed negligible. 

Total 
(excluding soil 0 19 16 60 41 
and water casts) 

Table 11.2 Casts of raw materials. Based on quantities lisled in Table 11.1. 

d. Environmental impact 
Depending on the block type, the main environmental impacts for the raw matelials 
phase will be caused by: 
> the quarrying of soil ( damage to the landscape); 
> the production of cement (energy use, waste, emissions); 
> the mining of coal (energy use, damage to the landscape); and/or 
> water use. 
The quarrying of soil should be an important point of concern for all block types. The 
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environmental impact will depend on the amount of soil needed as well as the type of 
soil needed (which determines the preferred locations and deptbs for quarrying and 
whether or not sand or clay from elsewhere needs to be mixed with the soil to obtain the 
right composition). 

At present, soil for small-scale brick and/or block production is often obtained from 
informal clay pits were no environmental impact studies have been conducted (Steyn & 
Jooste-Smit, 2006: 98). Though a detailed discussion would fall out of the scope of this 
study, the development of good land use and environmental policies for responsible 
quarrying is highly recommended. 

11.2 Production of building materials 

a. Equipment required 
All blocks require similar production equipment, such as moulds, sieves, wheelbarrows, 
shovels, etc. The exception is stabilized CEB production, which also requires a press. 
The type of press required depends on the expected number of bricks to be produced. It 
seems safe to assume that the required production capacity for stabilized CEBs will not 
exceed the production capacity of existing brickyards. Indeed, it will most probably take 
quite some time and effort before stabilized CEBs obtain a market share in the order-of
magnitude of that of frred bricks. 
The average production of existing brickyards in Thaba Nchu and Botshabelo (producing 
mostly fired bricks and some cement blocks) ranges from 6 000 to 67 000 bricks per 
month (Steyn & Jooste-Smit, 2006: 96). A production of 10 000 to 20 000 bricks per 
month is most common. Producing the same number of stabilized CEBs per month is 
possible with one or two simple manual presses. (Considering that one square meter of 
wall requires 33 standard size stabilized CEBs or 51 standard size frred bricks, and 
assuming 25 work days per month, 15 000 bricks per month equals ( 15 000 * ( 33 I 51 ) 
) I 25 = 400 blocks per day. According to Rigassi (1985: 66) it is possible to produce 300 
to 600 blocks a day with one simple manual press.) 
Therefore, there seems no need to opt for mechanized presses or more actvaneed manual 
presses, which would require higher investments and more maintenance. 

Costs 

The South Mrican company Hydrafarm gives a price indication of US$ 815 (=: 5 715 
Rand), excluding V AT and transport costs for a manual press (December 2006). 
According to company specifications, the press is able to produce 600 blocks a day. 

Preparation equipment 
Rigassi says the following on equipment for preparation of the soil (such as grinding, 
crushing, screening, mixing): 

These are not necessarily indispensable, but they will greatly imprave the quaiity of the end
products. Their purchase may be viable, for example, if they enable one to Iower the amount of 
stabilizer used. The type of soil will be the detennining factor in choosing preparation equipment 
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(such as grinders, crusher, screens), but wiJl be less so for the type of mixer chosen. (Rigassi, 
1995: 53) 

In addition to the economie benefits of being able to use less stabilizer (cement), that 
could also lessen the environmental impact of block production, since the production of 
the stabilizer (cement) has a relatively high negative impact on the environment. Even 
without special preparation equipment, good (manual) preparation of the soil seems vital. 

b. Labour required 
A survey of 32 brickyards in the target areas (mainly Thaba Nchu and Botshabelo) 
showed an average number of workers of 4.3 per brickyard. The number of workers per 
brickyard ranged from 1 to 16. The median was 3 workers. 
On average they worked 5.6 days a week, according to the questionnaire results. The 
number of days worked per week ranged from 5 to 7. The median was 5 days. 

Labour requirements depend upon the type of material used, the degree of mechanisation, the 
productivity of Iabour and the quantity and quality of produced bricks. In small-scale, labour
intensive plants, the hand-winning of clay (including removal over overburden and transportation 
of clay to a nearby brickworks) requires 7 man-hours per tonne or approximately 20 man-hours 
per 1,000 bricks. Preparation, moulding and fuing require another 20 man-hours, giving a total of 
40 man-hours per 1,000 bricks. (IW, 1984: 162) 

200 man-hours * 3 workers = 600 man-hours. (600 man-hours I 20 man-hours per 1 000 
bricks) * I 000 bricks = 30 000 bricks per month. 

Rigassi (1995:13) lists 9 tot 10 workers for a CEB production plant with one manual 
press (for soil preparation, mixing, pressing, stacking, curing, etc.). This would equal the 
number of workers at the larger local brickyards. 

The production of (stabilized) adobe requires less workers. Regular adobes are often 
produced by self-help builders themselves and do not necessarily require small or micro 
enterprises. 

c. Knowledge (training) required 
The knowledge and skilis for producing fired bricks are already available in the target 
areas where the soil is suitable for fired brick production. Though the use of adobes has 
declined in favour of other materials, the knowledge and skilis to produce adobes are still 
widely present in all of the target areas. 
The knowledge and skilis required to produce stabi1ized adobe and stabilized CEBs 
would need to be introduced through training programmes. In one of the target areas 
(Kuruman) the knowledge and skilis required for stabilized CEB production were 
already introduced by the Unit for Earth Construction of the UFS. 

d. Fuel andlor energy use 
Manufacturing one fired brick consumes 2 kWh of energy, a cement-stabilised earth 
brick of the same size 0,05 kWh; producing 1 m3 of concrete costs 300-500 kWh, the 
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same volume of raw earth for building costs only 1% of this (Gemeke, 1992b: 36). 

e. Water use 
Differences in water use are assumed negligible. All blocks will require water for 
production (mixing) and curing of the blocks (regular wetting for a better, more gradual 
drying process for stronger blocks ). Exact figures for the water u se are not known, but 
the amount of water required will most probably be in the same order-of-magnitude, 
consictering the similarity of the production and curing processes of the different block 
types. 

f Environmentally harmful emissions 
Compared to the production processes of the other block types, the production of fired 
bricks will cause by far the most harmful emissions, because of the buming of coal in the 
clamps. Not only does this harm the environment, but the smoke also damages the health 
of the people working on the brickyards and people living near the brickyards. 

The production of cement will also cause harmful emissions, but this will happen under 
more controlled (industrial) circumstances. The less cement used, the lesser, of course, 
the environmental impact of the cement production will be. Stabilized CEBs and 
stabilized adobe will therefore score better than cement blocks, while regular adobes will 
score best on this aspect, since they are made of all natural materials. 

g. Waste created during production 
It is inherent to the production of frred bricks in clamps that a relatively large part of the 
bricks is either heated too much or too little depending on where they were located in the 
damp. Only part of the bricks will be of the quality required for exterior walls. Some 
part of the bricks wiJl be usabie for other purposes, but some part will be too damaged or 
of too poor strength to be usabie at all. 

Keddie and Cleghom ( 1980) say the following about the wastes of brick manufacture: 

With the exception of the airhome products of comhustion, the wastes of hrick manufacture are 
inert, if unsightly. They consist of topsoil (which should eventually he replaced, where 
hrickmaking has temporarily displaced agriculture), overhurden from the clay heds, ashes, clinker, 
dust, rejected hricks and hrick ruhhle. Worthwhile uses or local markets may exist or he created 
for some of these wastes: in India, for in stance, hrick ruhhle is pulverised and rrlixed with lime to 
make 'surkhi' a useful and often underexploited alternative toPortland cement in the preparation 
of mortars. (Keddie & Cleghorn, 1980: 9) 

When skilfully produced there should be very little waste during the production of 
(stabilized) adobe, stabilized CEBs and cement blocks. Regular adobes have the 
advantage that any b1ocks that are malformed or damaged during production can be 
reused as raw material for new adobes. 

h. Expected revenues 
The questionnaire results on prices people are willing to pay for different block types 
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could give an indication of revenues to be expected for different block types. However, 
as will be discussed below, some important comments have to be taken into 
consideration. 

Type of block Medlan prlce people In the target areas say they are wllllng to pay for 
one block (In Rand cents) 
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Regular adobe 100 50 * 100 100 200 ** 100 100 100 

Stabilized 100 70 * 100 100 50 ** 100 100 100 
adobe 

Stabilized GEB 80 100 150 125 150 180 150 150 

Fired brick 150 150 240 205 250 200 200 200 

Cement block Nat included in questionnaire 

Table 11.3 Median price people say they are willing to pay for different block types . 
Source: TUle and UFS SANPAD project, questionnaire data, 2004. 
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* These price estimates are more realistic than at other locations. Perhaps the presence of a 
relatively large number of brickyards in the area leads to greater cast awareness. 
** These anomalous values might be caused by the relatively smal! sample size in Tsiame. 

Because some people named extremely high prices, the median price is used in stead of 
the average price, so the influence of the extreme peak prices is limited. Even then the 
amounts are very high compared to actual prices at existing brickyards. The answers to 
the questionnaires clearly show that the general public has a very limited understanding 
of the price of building materials. For instance, the median price named for ftred bricks is 
about four times the actual price of a ftred brick. Some respondents even named a price 
one hundred times the actual price of a ftred brick. Though this implies the results should 
most definitely not be used as recommended prices for blocks, they remain useful to 
compare the different materials. 
The results indicate that stabilized adobe is not valued signiftcantly higher then regular 
adobe. Consirlering that the production of stabilized adobe will cost more (because of the 
cement added) and that these results indicate that those higher costs cannot be 
compensated with a higher selling price, stabilized adobe does not seem a good candidate 
for the promotion of local economie development. 
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Stabilized CEBs will also have higher production costs (because of the cement added and 
the investments for the press) but the results indicate a higher price could be asked for 
them (compared to adobe). If the higher selling price compensates the extra costs, it 
could be an interesting candidate for the promotion of local economie development. 

11.3 Building materials 

a. Structural properties 
Many studies have been done on the compressive strength of stabilized CEBs. The 
following table gives an overview of some results. 

Compressive 
Percentage Soil type strengthof cured Souree of data 
of cement blocks (in MPa) 

stablllzatlon Dry Wet 

Clay and silt fraction: 62% Bahar et al., 2004: 
4% Liquid limit: 39 2.3 1.2 814-815 (fig. 6) 

Plasticity index: 15 (Aigeria) 
Clay and silt fraction: 73% 

5% Liquid limit: 31 4.55 no data Ngowi, 1997: 6 
Plasticity index: 19 (Botswana) 

Clay and silt fraction: 37% 
5% Liquid limit: 50 4.98 no data Ngowi, 1997: 6 

Plasticity index: 26 (Botswana) 

5% Clay and silt fraction : 10 - 25% 4 no data Hydraform, 2006 
Plasticity index: 15 (maximum) (estimate) 

Clay and silt fraction: 62% Bahar et al. , 2004: 
6% Liquid limit: 39 3.3 1.8 814-815 (fig. 6) 

Plasticity index: 15 (Aigeria) 
Clay and silt fraction: 73% 

7.5% Liquid limit: 31 5.90 no data Ngowi, 1997: 6 
Plasticity index: 12 (Botswana) 

Clay and silt fraction: 37% 
7.5% Liquid limit: 50 6.02 no data Ngowi, 1997: 6 

Plasticity index: 26 (Botswana) 

8% Clay and silt fraction : 10 - 25% 7 no data Hydraform, 2006 
Plasticity index: 15 (maximum) (estimate) 

Clay and silt fraction: 62% Bahar et al., 2004: 
8% Liquid limit: 39 4.0 2.0 814-815 (fig. 6) 

Plasticity index: 15 (Alge ria) 
Clay and silt fraction : 62% 

9% Liquid limit: 39 3.39 2.07 Hagan, 1997:214 
Plasticity index: 15 (Ghana) 

Table 11.5 Compressive strength of stabilized CEBs from different soils and with different 
cement contents. 
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Hagan establishes a minimum of 1.4 MPa for the wet compressive strength after 28 days 
of curing. He bases this on the recommendations of several prominent researchers and 
institutes (Hagan, 1997: 214). Basedon the literature referenced above, stabilized CEBs 
with 5 % cement stabilization should be more than able to meet this criterion. 

Rigassi lists the following wet compressive strengths of different blocks: 

Materlal Wet compresslve 
strength (In MPa) 

Stabilized GEB 1 to 4 

Fired bricks 0.5 to 6 

Regular adobe 0 to 5 

Concrete blocks 0.7 to 5 

Table 11.4 Compressive strengths of different 
block types (after being soaked in water) . 
Source: Rigassi, 1995: 19. 

b. Durability 
Rigassi gives the following classification of the durability of different blocks: 

Material Durability 

Stabilized GEB low to very good 

Fired bricks low to excellent 

Regular adobe poor 

Concrete blocks low to very good 

Table 11.6 Durability of different block types. 
Source: Rigassi , 1995: 19. 
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c. Effect on indoor elimate 
The following table lists the densities and thermal insulation values of different blocks. 
These figures give an indication of the thermal mass and the insulation the different wall 
types will provide. Of course, the wal] thickness will also be of influence, so block sizes 
also need to be considered (see Table 10.1). 

Type of block Density Thermal conductivlty (In W/mK) 
(In kg/m3

) Source: Source: Adam & Jonas, 
Rigassi, 1995: 19. 1995: 250, for a 5% 

moisture content. 
Density 1 820 kg/m": 0.71 

Stabilized CEB 1 . 700 to 2.200 0.81 to 1.04 Density 1 920 kg/m3
: 0.96 

(with 5% cement) 

Fired bricks 1.400 to 2.400 0.7 to 1.3 0.6 to 2.0 

Regular adobe 1.200 to 1.700 0.4 to 0.8 no data 

Concrete blocks 1 . 700 to 2.200 1.0 to 1. 7 0.6 to 2.0 
(hollow) 

Table 11.7 Density and therm al conductivity of different block types. 

d. Aesthetic quality 
Rigassi gives the following classification to the appearance of different blocks: 

Matertal Surface Vlsual aspect 

Stabilized CEB smooth medium to good 

Fired bricks rough to smooth good to excellent 

Regular adobe irregular poor 

Concrete blocks rough average 

Table 11.8 Aesthetic quality of different block types. 
Source: Rigassi , 1995: 19. 

The SANP AD research of UFS and TUle shows that the general public seems to confmn 
this classification. People appreciated stabilized CEBs (far) more than regular and 
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stabilized adobe, and appreciated fired brick the most. The visual aspect ("looks good") 
was an important reason for this, next to the perceived strength (see page x, fig. x). 

e. Price 
See 11.2.h. 
Data on actual prices is only available for fired bricks. Prices for standard size fired 
bricks ('face bricks', for exterior walls) at local brickyards in the target areas range from 
45 to 55 Rand cents per brick (TU/e and UFS SANPAD project, questionnaire data, 
2004; Steyn & Jooste-Srnit, 2006: 101). 

11.4 Construction 

a. Equipment required 
All block types only require regular masonry tools for construction. 

b. Labour required 
All block types are suitable for self-help building. The number of blocks needed to 
construct one square meter of wall and the weight of the blocks indicate the arnount of 
Iabour required for the masonry work. A regular adobe wall also requires a considerable 
arnount of additional Iabour, because it needs to be plastered, while the other walls can 
be left without plastering. 

Materlal Number of Standarel Welght of one block Denslty of blocks 
slze 1 blocks per m2 (In kg) (In kgJmi 

of wall 

Regular adobe 29 10.2 1 700 

Stabilized adobe 29 no data available 

Stabilized CEB 43 8.2 2 200 

Fired brick 51 4.4 2 400 

Cement block 43 8.2 2 200 

Table 11.9 Number of blocks per square meter of wall, weight and density of blocks. 
Weights basedon sizes listed in table x, page x. Densities basedon upper limitsin Rigassi, 1995: 19. 

1 See table I 0.1 , page 71 , for standard si zes and number of blocles per square meter. 
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c. Knowledge (training) required 
All block types only require basic masonry skills. Knowledge and skilis regarding 
masonry walls could and should be improved, for instanee the use of roof overhangs 
should be promoted. This applies equally to all the block types. 

d. Fuel andlor energy use 
No fuel or energy use is necessary to construct any of the wall types, manuallabour will 
suffice. 

e. Wateruse 
During the construction, water will be necessary for mixing the mortar. Though there 
will be differences in water use for the different block and mortar types, these are 
probably not very significant. 

f Environmentally harmful emissions 
No environmentally harmful emissions are to be expected during construction of any of 
the wall types. 

g. Waste created during construction 
Though there will always be some waste with all construction processes, theoretically all 
wall types could be constructed without any waste originating form the construction. 
Regular adobe, with mud mortar, has the advantage that all waste will consist only of 
soil, thus having no or very little impact on the environment. 

11.5 Building components 

a. Structural properties 
If the right mortar is used, these should be relatively the same as described under 3.a. 

b. Durability 
If the right mortar is used, this should be relatively the same as described under 3.b. 

c. Effect on indoor elimate 
If the right mortar is used, this should be relatively the same as described under 3.c. 

d. Aesthetic quality 
If the right mortar is used, this should be the same as described under 3.d. 

e. (Expected) life span 
With correct design and construction, all materials can last for decades. With incorrect 
design and construction, the stronger and more water resistant the material, the Jonger the 
expected life span will be. 
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11.6 Use and maintenance 

a. Maintenance requirements 
If designed and constructed properly, masonry walls require very little maintenance. The 
plastering of regular adobe walls will require maintenance. 

b. Knowledge (training) required 
None or minimal training is required for maintaining the different wall types. 
Maintaining regular adobe walls with plastering will be a bit more complex than 
maintaining the other wall types. 

d. Fuel andlor energy use 
No fuel or energy is necessary for the maintenance of any of the wall types. 

e. Water use 
Maintaining the plastering of regular adobe walls will require some water use. 

f Environmentally harmful emissions 
For none of the wall types environmentally harmful emissions are to be expected during 
use and maintenance. 

g. Waste created during use and maintenance 
Maintaining the different wall types should notlead to any or only very little waste. 

11.7 After use (demolition, reusable materials, waste) 

a. Reusability andlor recyclability of building materials after use 
Under the influence of water, regular adobes can return to their raw material state (mud), 
which is the reason for their poor durabiJity. From a recyclability point of view, this 
makes them stand out very positively compared to all the other types of blocks. 
As soon as a stabilizer is added, the blocles cannot be turned back into their raw 
materials, because of the (chemical) bonding of stabilizer and other raw materials. 

Of course, all blocks can be reused. The stronger the blocks, the longer their life-span 
can be, and the more times they could be reused (at least in theory). In practice, however, 
the stronger the block, the stronger the mortar will most often be, making it more 
difficult to demolish walls and increasing the chance of blocks getting damaged during 
demolition. Either way, demolishing masonry work and making blocks fit for reuse is a 
labour-intensive process. 

Damaged (as well as whole) blocks could also be reused as road-fill or for other 
purposes. The possibility of using pulverised fired brick rubble as one of the ingredients 
for certain types of mortars was already mentioned under 11.2.g. 



b. Waste after use 
See 11.7.a. 

Technological Means 
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12. Overall comparison and conclusions 

12.1 Overall comparison 

Based on the detailed comparison in the previous chapter, an overall comparison of the 
different block types can be made. For this a match/mismatch matrix will be used (as 
introduced in Chapter 1 ). 

Technologlcsl alternatives 
Match/mismatch matrix Reg u lar 

a do bes 
Stabilized Stablllzed Fired bricks 

adobes CEBs 
Quality of housing 
(structural and thermal 
properties, durability, ± +I++ ++ aesthetic quality) 

Bullding costs 

-! 
++ + ± 

.! 
't: 
Co) - Possibilities for 
J! 
.! local jobs and 
Co) SM MEs +I++ ~ ± -I± ++ 

(Iabour intensity; 
knowledge, lacilities and 
investments required) 

Environmental 
impact 
(energy use, harmlul 
emissions, waste) ++ + + 

Table 12.1 Matrix tor the matching of societal criteria and technological alternatives. 

Explanation: 

+ + means the block type scores very positive on this criterion. 
+ means the block type scores positive on this criterion. 
± means the block type scores neutral on this criterion. 

means the block type scores negative on this criterion. 
means the block type scores very negative on this criterion. 

Cement 
blocks 

+I++ 

+ 

Hence, the more plusses and the less minuses the better the block type matches with the 
societal criteria. 

The scores are relative, compared to the other block types. 
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12.2 Overall conclusions and remarks 

An interesting condusion is the close link of building costs and the environmental impact. 
Energy-intensive materials (e.g. cement) and energy-intensive production processes (e.g. coal
frring of bricks), lead to higher costs as wellas higher negative environmental impacts. If we 
only consicter building costs and environmental impact, this suggests that more 
environmentally friendly materials are also cheaper: a win-win situation. However, we also 
need to consicter the quality of housing that the different materials provide and the 
possibilities for local job creation and SMME development. The cheapest material that has the 
smallest environmental impact, for instance, scores the worst on quality of housing. 
Materials that provide good quality housing will have a better image. This leads to a higher 
demand forthese materials and, if the prices remain within the (very) limited financial means 
of the people in the target areas, that could lead to a bigger market share. Thus, quality of 
housing and possibilities for local economie development are also closely linked. Pilot 
projects in the target communities, making the good quality of upgraded earth construction 
more visible, thus seem an important next step in promoting earth construction. 

On average, stabilized CEBs are the 'winner' of this comparison. They score (very) positive 
or at least average on all the criteria. 

If we consicter possibilities for improving the other materials, this also points to stabilized 
CEBs. The main problem with regular adobes is their poor (technica! and aesthetic) quality. 
This problem can be solved through stabilization and compaction. De facto, that would lead to 
stabilized CEBs. 
The main problem with stabilized adobe is not the technica! quality, but more the aesthetic 
quality. With their relatively rough surface and visual similarity to regular adobes, they have 
poor acceptability. Turning them into stabilized CEBs through compaction leads to smooth 
surfaces and more visual similarity to fired bricks, improving the acceptability and thus the 
'market potential' of the blocks. 
The high costs and environmental impact are the main problems of cement blocks and fired 
bricks. Eliminating the firing stage (and thus coal consumption) of fired bricks and reducing 
the cement content of cement blocks would reduce those problems. That would lead to 
(stabilized) adobes, which intheir turn could be optimized to stabilized CEBs (see above). 

Thus, optimization of all other block types points to stabilized CEBs. This also leads to the 
condusion that stabilized CEBs deserve particular attention (implementation strategies for 
increasing the use of stabilized CEBs will be discussed in Part IV). That does not mean, 
however, that other block types may not also deserve additional attention: 

> The low costs of regular adobe mean that it will most probably remain an important 
building material for the poorest of the poor. That simple fact alone justifies the 
(continued) attention of policy makers and researchers for that block type. 
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> In Botshabelo and Thaba Nchu fired bnck production has already led to over thirty small 
enterpnses, providing over a hundred jobs and popular building matenals for good quality 
housing. Thus, fired bncks could be considered a 'proven technology' for local economie 
development. lf only for that reason, that block type deserves the attention of policy 
makers and researchers. 

Combination of block types 
Combining different block types in one wall could be an interesting way of using the different 
advantages of the block types. Stabilized adobes, for instance, could be used for the parts of 
an otherwise regular adobe wall that are the most exposed to rain. Similarly, fired bncks 
could be used in otherwise stabilized CEB walls (see, for example, the picture of a stabilized 
CEB wall on a fired bnck plinth on page 91 ). 
Of course, it should be checked that the different properties of the matenals (e.g. different 
expansion and shrinkage rates when temperature or moisture content change) do not lead to 
cracking or other structural problems. 

Figure 12.1 A combination of regular and stabilized adobes in one wall. 
Source: Bolton & Burroughs, 2001: 4. 

The importance of soil preparation 
Good soil preparation seems very important to guarantee the quality of all block types. Better 
blocks lead to better quality housing. When people expenence that that better quality of 
housing, this could lead to greater acceptability of those matenals. Furthermore, good soil 
preparation could lead to less cement needed for stabilization, thus lowenng costs and 
environmental impact. 



Part IV 

lmplementation of 
Preterred Tech ology 
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PART IV: IMPLEMENTATION OF PREFERRED TECHNOLOGY 

Introduetion 
The last chapter of Part m concluded that stabilized CEBs should be prefeered as a building 
material for housing. Of course, the use of stabilized CEB walls implies combining those 
walls with other building elements (windows and doors, foundations, floors, roofs). The 
question how this can be done successfully, therefore, also deserves consideration (Chapter 
13). The final chapter will discuss ways to further the use of upgraded earth construction 
through research and education (Chapter 14). 

Cover illustration Part IV: 
School building in Kuruman. Wall built trom stabilized CEBs (on a fired brick plinth) . The CEBs were 
produced locally with the help of the Unit tor Earth Construction of the UFS. Photo: UEC UFS. 
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13. Recommendations tor building design and construction 

13.1 Introduetion 

Thus far, (one square meter of) a stabilized CEB wall has been compared to (one square meter 
of) other wall types. Now, stabilized CEB walls combined with other building elements to 
form houses will be compared to other wall types combined with other building elements to 
form houses. 

If stabilized CEB walls require different foundations, floors, window and door frames, and/or 
roofs - compared to buildings with other wall types -, this means that the conclusions of the 
comparison based on one square meter of wall cannot be directly used for buildings as a 
whole. The effects of the different foundations, floors, window and door frames, and/or roofs 
should then also be considered when camparing the different wall types. 

If stabilized CEB walls do not require different foundations, floors, window and door frames, 
or roofs - compared to buildings with other wall types -, the conclusions of the comparison 
basedon one square meter of wall are also valid for buildings as a whole. 

Hence, the following questions should be answered: 

> Do stabilized CEB walls - compared to walls of other block types - require a particu/ar 
choice of materials or construction methods for other building elements than the walls? 

These other building elements include: 
- window and door frames; 
- foundations; 
- floors; 
- roofs. 

> IJ so, does this have an injluence - positive or negative - on how stabilized CEBs score 
on the societal criteria? 

Those societal criteria are the same four criteria used befare to campare square meters of 
walls in certain block types, namely: 
- the quality of housing; 
- the building casts; 
- the opportunities for job creation and SMMEs; and 
- the environmental impact. 

> Can stabilized CEB production provide new opportunities for other building elements? 

Even if stabilized CEB walls do not bring with them different requirements for other 
building elements, it should still be considered whether modifications are possible based 
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on the use of stabilized CEBs for the walls. For perhaps stabilized CEB production can 
provide new opportunities for other building elements as well. For instance, the skilis and 
facilities used for the production of stabilized CEBs for walls might also be used for 
stabilized earth foundations and floors. Perhaps this could lead to even better quality of 
housing, even lower building costs and even an even lower environmental impact of the 
buildings as a whole. Furthermore, it might give SMMEs a broader base (a more varied 
product range and a bigger market) and lead to the creation of even more jobs. 

Answering these questions will not only assess whether the square meter of wall was a correct 
unit of comparison, it will also show how stabilized CEB walls can combined with other 
building elements to form housing. Hence, this chapter will also provide guidelines for the 
teehoical implementation of stabilized CEBs in low-cost housing projects. (Chapters x and x 
will discuss the social and institutional irnplementation.) 

In the following sections, the walls will be considered in relation to other building elements. 
That analysis will follow these steps: 

(1) the current practice with regard to that particular building element will be sketched; 
(2) alternatives will be considered; 
(3) conclusions will be drawn whether or not the use of stabilized CEBs would require a 

change of the current practice and whether or not stabilized CEBs would be suitable for 
prefeered altematives; 

(4) extra possibilities fortheuse of stabilized CEBs or related products will be discussed. 

13.2 Windows and doors 

Current practice 

Window and door frames 
Apart from windows and door frames that are loosely fitted into wall openings (which 
unfortunately often is the case), two main methods of anchoring the frames to the walls are 
common. These methods are discussed below under the heading 'Altematives'. 

Lintels 
Sometimes nolintels are used, with adobes resting directly on window frames (without glass). 
Sometimes scrap metal or wood is used as lintels. 

Alternatives 

Window and door frames 
There are two main ways of placing window and door frames in masonry walls (Hazebroek, 
2002: 140): 
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(1) Window and door frames can be anchored to the walls through pieces of metal wire or 
nails that are embedded in the mortar joints as the walls are built (Figure 13.1, left). If the 
frame later needs to be replaced, the mortar joint will have to be partially removed and 
renewed after replacement. 

(2) Another option is to place pieces of wood (e.g. wood en blocks of the same si ze as an earth 
block) in the walls, onto which the window and door frames can be attached after the wall 
is built (Figure 13.1, right). This option has the advantage that the frames can be replaced 
without darnaging the walls. 

These methods are basicalJy the same for all of the block types studied. 

DURING THE CONSTRUCTION OF THE MllS AFTER THE CONSTRUCTION OF THE VIAllS 

Figure 13.1 Fixing door/window frames to warrs with metal strips in mortar joints while warr is 
constructed (left) or to waoden blocks/strips embedded in warr after the warr is constructed (right). 
Souree Guillaud et al., 1985: 61. 

Lintels and window sills 
Reinforeed concrete lintels would not be a preferred altemative, since they are too expensive. 
Wooden lintels seem a reasonably affordable altemative. 
Instead of lintels, arched masonry couJd be used. Since this is not a comrnon solution in the 
target areas, the solution would have to be introduced along with the required skills. The arch 
would also leave an arched opening above (the most common) rectangular windows, 
requiring some kind of fill-in, possibly leading to extra costs. 
Good window sills are essenrial to prevent runoff rain water from entering the walls. Ceramic 
window sills could be used, but may be too costly. 

Conclusions 
Now stabilized CEB walls have been considered together with doors and windows, there 
seems no reason to assume that the conclusions of Chapter 12 are any less valid. 
The two main methods of attaching door and window frames to walls are both adequate. 
Wooden lintels are to be preferred over concrete ones. 

Extra opportunities for stabilized CEB producers 
Perhaps soil-cement tiles or differently shaped blocks (with a high cement content and high 
compaction) could be produced for window sills. 
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13.3 Foundations 

Current practice 
The most conunon foundations for the houses in the target areas are no foundations (figure x). 
Of course, this causes many problems with adobe walls as well as other masonry walls. 
Settling causes cracks and other structural problems. Furthermore, without adequate 
foundations, moisture from the ground has no harrier to move up into the walls. That causes 
degradation of the adobe blocks and lessens their structural strength. 

Alternatives 
lf absolutely no foundations can be afforded, a few courses of stabilized CEBs at the bottorn 
of regular adobe walls might still increase the performance of the walls, since the stabilized 
CEBs will form a better moisture harrier (if an equally moisture resistant mortar is used for 
those courses!). However, lack of foundations will always remain a cause of significant 
structural problems. Therefore, this study will try to reconunend adequate low-cost 
foundations to solve those problems. 

From a purely technical point of view, (reinforced) concrete foundations would most 
definitely be adequate. Reinforeed concrete foundations could be used for larger earth 
constructed public buildings. They are, however, not reconunended for the housing of the 
poor, because they are not low-cost and not suited forself-help building. 

Consictering the relatively small loads and forces on small single storey houses, reinforeed 
concrete foundations are not necessary. Some type of natura! stone or masonry foundation 
seems a reasonable alternative (Figure 13.2). 

• &mrr 

T 1~ fou11dauon l'lalli v11dt> thal a 
s para·t foJndation s not need'=d 

Figure 13.2 Stone foundation. 
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Source: Hazebroek, 2002: 135; 
original source: Bolton & Burroughs, 2001 . 

Conclusions 
The weight and other properties of the different block types studied are not that different as to 
require different foundations. Thus, now stabilized CEB walls have been considered tagether 
with foundations, there seems no reason to assume that the conclusions of Chapter 12 are any 
less valid. 

Extra opportunities for stabilized CEB producers 
Spenee and Cook (1983: 63) state that stabilized earth can be used very satisfactorily to make 
strip foundations if the cement content is one and a half times or more higher than that for 
walling. A high degree of compaction is also essential. Guillaud et al. give an example of a 
simple stabilized CEB foundation (figure x). Since the use of extra stabilized CEBs for 
foundations would broaden the market for stabilized CEBs, this could cause stabilized CEBs 
to score even better on the possibilities for local job creation and S"MME development. This 
would need further studies. 

8or10% 
ce.71Df1t GEB 

Figure 13.3 Stabilized CEB foundation . 
The cement percentage mentioned in the tigure 
could be high enough for certain soil types and 
with good quality and process control, but 10 to 
12% seems a better recommendation. 
Source: Guillaud et al. , 1985: 52. 

13.4 Floors 

Current practice 
Earth floors are by far the most common floor type in the target areas. 

Alternatives 
Since stabilized earth was already used for road construction years befare it was developed 
into a building material for walls, it seems very reasanabie to consicter stabilized earth a good 
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material to strengthen the top layer of earth floors and to make them less dusty. Complete 
floors could also be made from stabilized and compacted earth (Spence & Cook, 1983: 63). 

Conclusions 
If the floor only comes into contact with adequate foundations, it will have no influence on 
the walls and the floors would therefore not provide any specific requirements for the material 
chosen for wall construction. If earth floors do come into direct contact with the walls, 
moisture from the ground could travel through the floor into the wall. The less water resistant 
the chosen building material for the walls, the more problems this would cause. 
Now stabilized CEB walls have been considered together with floors, there seems no reason 
to assume that the conclusions of Chapter 12 are any less valid. 

Extra possibilities for stabilized CEB producers 
Combined with reinforeed concrete beams, stabilized CEBs could be used for floor 
construction (figure x). However, this would be too costly and too complex for self-help 
housing for the poor. For larger public buildings it might be a good altemative. 

" :V ;;z . . . • .... • t • • • • '111 ~ t. .• - ... --·-......·. · · · ·. · ·· ·. · -.- -. -~ :-_ ·.·ni 
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Figure 13.4 Longitudinal sectien of the building principle of vaulting using reinforeed concrete girders 
and compressed earth blocks. Source: Guillaud et al., 1985:133. 

13.5 Roofs 

Current practice 
Corrugated iron sheets are by far the most common building material in the target areas, with 
very few exceptions. Any of the studied block types can carry them. Overhangs are 
recommended, regardless of the block type chosen, to proteet the walls against rainwater. 
Pitched roofs could make it possible to use more locally produced materials (e.g. tiles). This 
would, however, require a significant change in the 'mental image' the local people have of a 
'good' and 'modem' house. Unfortunately, a box covered with a corrugated iron roof has 
become astrong convention, a 'new tradition'. 

Alternatives 
Corrugated iron roofs could be improved through the addition of a ceiling structure with a 
layer of insulation below the roof sheets, as long as there is a fully closed damp proof layer 
between ceiling and insulation and good ventilation of the space between insulation and roof 
sheets (to prevent problems with condensation). However, this type of roof would cause 
significant extra costs and require additional knowledge and skills. Financial and technica! aid 
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and supervision by governmental and/or non-governmental organizations would be necessary, 
making this solution less suitable for low-cost self-help housing. 

A less effective but much cheaper alternative, suitable for self-help building, would be to 
leave out the inswation and simply add a low-cost ceiling (e.g. cloth). If the space between 
this 'ceiling' and the corrugated iron roof is ventilated, heat from the metal sheets can be 
driven away, preventing the room from overheating. 

D --

ROOF STRUGTURE ( INTERlOR TO EXTERIOR): 

- SIMPLE GLOSED GElliNG (E.G. GLOTH); 

- WOODEN BEAMS AND SMALLER GROSS-BEAMS; 

- GORRUGATED IRON SHEETS. 

SPAGEBETWEEN GElliNG AND GORRUGATED IRON 

SHEETS VENTILATED TO DRIVE AWAY HEAT. 

Figure 3.5 Cross-seGtion of a possible roof struGture. 
Drawing by author. 

There most certainly is a great need for a better roofing material than corrugated iron. This 
would most probably be an even greater challenge than the introduetion of a new building 
material for walls. Studies on alternative roofing materials, that provide a better inner elimate 
and can be produced locally, are therefore strongly recommended. 

Conclusions 
Stabilized CEB walls are certainly able to carry a light roofing material such as corrugated 
iron sheets. The structural properties of stabilized CEBs (e.g. compressive strength) allow 
additional or alternative structures to improve the roofs. Thus, now stabilized CEB walls have 
been considered together with roofs, there seems no reason to assume that the conclusions of 
Chapter 12 are any less valid. 

13.6 Conclusions and recommendations 

In this chapter stabilized CEB walls have been considered in relation to other building 
elements. This has notledtoa change of the conclusions on stabilized CEB walls as arrived at 
in Chapter 12. We can conclude that the principles for masonry walls in general apply equally 
to stabilized CEB walls: 

Precautions needed in building walJs with soil are the same as for other masonry materials. The layers 
or blocks should be well bonded, protected from dampness (and insect attack) at the head and foot and 

stabilized laterally by bonded cross-walis at regular intervals. Roof loads should be kept witrun 

acceptable lirnits and distributed by means of a wall plate, and openings should be of limited size and 

provided with tintels. (Spence & Cook, 1983: 64) 
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This chapter can conclude that one square meter of wall is an adequate 'functional unit' for 
the comparison of earth blocks with other masonry matenals (see § 9.2). Furthermore, this 
chapter has shown that stabilized CEB walls can be combined with conventional solutions for 
other building than walls as wellas alternative low-cost and self-help solutions. 

Though this chapter has notledtoa revision of the conclusions in Chapter 12, it has leadtoa 
number of new recomrnendations: 

> Matenals that are too expensive and/or not suited for (aided) self-help building (e.g. 
reinforeed concrete) should be avoided for housing projects. The use of matenals that are 
suited for self-help building but relatively expensive (e.g. wood) should be kept to a 
nurumum. 

> Regardless of the building matenals chosen for the walls, the roofing and (lack of) 
foundations in the target areas are significant problems. Studying those problems in any 
detail would fall out of the scope of this research project. However, further study is most 
certainly recomrnended. 

> Possibilities to use stabilized CEBs or related stabilized earth products, particularly for 
foundations and floors, should be examined further. 
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14. Recommendations for research and education 

14.1 Introduetion 

As with many academie studies, this final chapter will give recommendations for further 
research(§ 14.2). However, further research should be accompanied by good dissemination of 
research results, so recommendations for education will also be given (§ 14.3). This includes 
the education of professionals and students, local entrepreneurs, and the general pub lic. 
Pilot projects seem essential to further research and education on earth construction. As 
discussed in previous chapters, those projects could also help to increase the acceptability of 
earth construction and create opportunities for SMME development en local job creation. 
Therefore, pilot projects will receive special attention (§ 14.4). 

14.2 Research 

Further research is necessary in such varied areas as: 

> the technica/ characteristics of earth-based building materials, 
to establish standards and testing methods improving the quality and acceptability of 
earth-based building materials; 

> simple plants and equipment for use in new and existing building materials production 
units, to support and promote SMME development. 

> building design and construction methods for earth constructed buildings, 
to improve the quality and efficiency of those buildings and to lower the building costs; 

> the cultural, socio-economie and environmental context, 
to improve the acceptability and economie feasibility of earth construction and to 
minimize the environmental impact. 

This wiU require a range of desk, laboratory and field research, invalving researchers from 
various disciplines, including architecture, building and planning as well as social, economie 
and environmental sciences. Research institutes should co-operate with other research 
institutes and the private sector to make more efficient use of available funds. 

A good dissemination of research results is crucial. Results should not only be communicated 
to the scientific community and professionals, but also to local communities, in an 
understandable format. 
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14.3 Education 

Education of professionals ( architects, engineers and planners) 
Professionals and students (the professionals of the future) should be made aware of the 
important possibilities of (upgraded) local materials, such as (stabilized) earth blocks. Their 
education should provide them with the knowledge and skilis to choose and apply those 
materials successfully. 

The ethics of one-off elite architecture may require that the designer meets the brief to the best of his 
creative abilities, but the ethics of housing for communities requires more. The architect may design 
responsibly, but the process faits when he ignores the values, mores, building skills, experience and 
wisdom of the cultures whose housing needs are to be met. Housing that involves the active 
participation of the community, which accommodates its values, relates to its vernacular traditions 
while meeting its aspirations and which remains substantially as the housing of and by the people is the 
most Iikely to succeed. If the housing of the billions in the twenty-first century is not to result in design 
debacles of unprecedented scale, these are lessoos in the ethics of building that must be learned. (Oliver, 
2006: 125) 

The question how (future) professionals should be taught is perhaps equally important as what 
they should be taught. Osman describes experiences of the University of Pretoria with 
community involvement in student projects on township housing: 

It has proved to be a process of mutual Iearning. Community memhers have contributed in project 
criticisms and our students have made presentations to government subsidy beneficiaries, local 
councillors and various government officials where we hope we have managed to portray a more 
enlightened approach to housing issues and design. 

Our partners in the townships have assisted us in identifying student projects; they have been our guides 
and have helped us gain more insight and understanding into a context that we ourselves and many of 
our students are far removed from. ( ... ) 

A workshop approach will be foliowed 'knowing by doing', through using the builder's yards and the 
building sites as locations for technological and cultural exchange. This wiiJ potentially create more 
understanding between academie institutes and emergent township enterprises. Appropriate solutions to 
housing systems may be identified from the everyday realities of a specific context. Taking locally 
available skilis as a starting point for a design process needs to be tested, in a sense reinforcing the idea 
that technological innovation has to adapt to local capacities and not vice-versa. (Osman, 2006: 2-117). 

This type of student projects seems a valuable enrichment of more theoretica} earth 
construction education in class rooms. 

Leaming about sustainable development could also help raise the awareness of the importance 
of using local materials with a low environmental impact. There is a rich experience of 
'greening' curricula in many countries, which could be used as a souree of inspiration for 
integrating the concept of sustainable development in the education of planners, architects, 
engineers and other professionals concemed with the built environment. 

Education of entrepreneurs 
The importance of training local entrepreneurs was already pointed out in § 5.4. 
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Fortunately, the questionnaires taken at local bnckyards in the target areas (for the TU/e and 
UFS SNAP AD project in 2004) showed a high interest in learning to produce other kinds of 
bncks/blocks (over 91% of the respondents said they where interested). There also was a high 
willingness to attend a workshop in order to learn how to make compressed earth blocks 
and/or stabilized adobe (97% of the respondents say they would attend such a workshop). 
Workshops were already given in the target areas by the Unit for Earth Construction of the 
UFS. 

Education ofthe general public (including self-help builders) 
Not only is the general public an important market for building matenals, many memhers of 
the general public will also be builders, since (aided) self-help building will be essential in 
solving the housing problems. This makes education of the general public a pnonty. 

The role govemments should play in educating the general public is discussed in Appendix 1. 

Professionals (planners, architects, engineers) should inform local communities and 
authonties about sustainable altematives. They can use their authonty as professionals to 
educate them and raise the awareness of relevant issues. Through aided self-help schemes 
professionals can transfer knowledge and skilis to local communities, making those 
communities more capable of solving their own housing problems. 

Entrepreneurs providing building matenals to self-help builders should play an important role 
in providing those builders with the necessary knowledge and skills to use those matenals 
responsibly. What better channels to disseminare the required knowledge and skilis than 
through the sales channels of the matenals? 

Building projects in the local communities can play an important role in educating the general 
public. This wiJl be discussed in the next section. 

14.4 Pilot projects 

Practical expenence in building with earth-based matenals seems at least equally important as 
the more theoretica! research. Not only will pilot projects provide valuable input for further 
theoretica! research, they wiJl be a vital part of the disseminarion of research results to local 
communities. Actual earth constructed buildings are far more visual and tangible to local 
communities than research reports. Furthermore, pilot projects in the field will help 
researchers to identify and develop strategies for dealing with cultural, legal, practical and 
socio-economical constraints to earth construction. 
Actual building projects in the local communities can provide most valuable learning 
expenences. Not only through the practical construction expenence they can provide, but also 
through the interaction of professionals, students, local entrepreneurs, craftsmen and the local 
communities. 
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Though stabilized CEBs need to play an important role in decreasing the housing backlog, not 
only houses for the poor should be chosen for pilot projects. Public buildings and houses for 
richer people in the local communities should also be built with stabilized CEBs. Not only 
because larger buildings can provide training opportunities for more people (Fathy, 1973: 
122), but also to imprave the 'social status' of the building material. If only houses for the 
poor are built with stabilized CEBs, the local people will regard it as a material that is 'good 
enough for us' (Niemeyer, 1982: 129), but not good enough for 'proper' buildings. 



Building Blocks for Development 

References 

Adam, E.A. and Jones, P.J. 1995. 'Thermophysical Properties of Stabilised Soit Building Blocks'. Building and 
Environment, 30(2), 245-253. 

Beamisch, A. and Donovan, W. 1993. Village-Level Brickmaking. Eschborn: GTZ I GA TE. 

Bolton, M. and Burroughs, S. 2001. Building houses with earth blocks. A guide for upgrading traditional 
building methods using handmade earth blocks. Pretoria: CSIR. 
Retrieved from http://www.agrement.co.za/publications/. 

CIBIRILEM. 1983 & 1985. Appropriate Building Materialsjor Low Cost Housing, African Region. Vol. I & Il. 

Coetzee, J.K. et al. (eds.). 2001. Development. Theory, Policy, and Practice. Cape Town: Oxford University 
Pre ss. 

Cole, R.J. and Lorch, R. 2003. Buildings, Culture and Environment. /nforming Local and Global Practices. 
London: Blackwell. 

Diedericks, M. 2001. The Planner and Local Economie Development. Bloemfontein: University of the Free 
State. 

Dierkx, R.J. 2003. Cool Schoolsjor Hot Suburbs. Eindhoven: TU/e. (PhD thesis.) 

Du Plessis, C. (ed.). 2002a. Agenda 21 for Sustainable Construction in Developing Countries. First discussion 
document. (V ersion 2). Pretoria: CSIR Building and Construction Technology. 

Du Plessis, C. (ed.). 2002b. Agenda 21 for Sustainable Construction in Developing Countries. A discussion 
document. Pretoria: CSIR Building and Construction Technology. 

Du Plessis, C. 2003. Analysing the Sustainability of Human Settlements in South Africa - Challenges and 
Methods. Paper for the conference SBE '03 Technology and Management for Sustainable Building, 26-30 May 
2003. 

Ebohon, 0.1. et al. 2000. Proceedings: Strategies for a Sustainable Built Environment, 23-25 August 2000, 
Pretoria. 

Environmental Proteetion Agency (EP A) & Science Applications International Corporation. 200 I. LCAccess -
LCA 101. Retrieved from http://www.epa.gov/ORDJNRMRUlcaccessllca1 0 l.htm. 

Erkelens, P.A. 1991. Self-help building productivity. A method for improving house building by low-income 
groups applied to Kenya 1990-2000. Eindhoven: TU/e. (PhD thesis). 

Fathy, H. 1973. Architecture for the poor. An experiment in rural Egypt. London: University of Chicago Press. 

Free State Province. 2001. Free State Development Plan 2002/2005. 

Gemeke, G. 1992. 'The Return to Earth'. Architecture SA, March +April 1992 (part 1); May + June 1992 (part 
2); July +August 1992 (part 3). 

Gooding, D.E. and Thomas, T.H. 1995. The potential of Cement-Stabilised Building Blocks as an Urban 
Building Material inDeveloping Countries. (DTU Working Paper No. 44, University of Warwick.) 
Retrieved form http ://www.eng. warwick.ac. uk/DTU/pubs/wp/wp44/wp44%20. pdf. 



Re terences 

Hagan, E.B. 1997. 'The use of stabilized soiJ to enhance rural housing'. Building Research and Jnfonnation, 
25(4), 210-217. 

Hazebroek, B. 2002. Herontwerp van de Zuid-Afrikaanse RDP-woning. Onderzoek naar de mogelijkheden van 
energiezuinig bouwen. Penen: ECN. (MSc thesis, Delft University ofTechnology.) 
Retrieved from http://www.ecn.nUdocs!library/report/2002/02008.pdf. 

Houben, H. and GuiiJaud, H. 1994. Earth Construction. A comprehensive guide. London: Intermediale 
Technology Publications. 

Houben, H., Rigassi V. and Garnier, P. 1996. Compressed earth blocks. Production equipment. 2"d edition. 

Brussels: CDI and CRATerre-EAG. 

International Labour Office (ILO). 1984. Smalt-scale brickmaking. Geneva: ILO (Technology series. Technica! 
memorandum No. 6.) 

International Labour Office (ILO). 1987. Smalt-scale manufacture of stabilised soil blocks. Geneva: ILO 
(Technology series. Technica! memorandum No. 12). 

Jones, M. and Jain, R. 2002. 'Technology transfer for SMEs: challenges and barriers'. International Joumal of 
Technology Transferand Commercialisation, 1(1/2), 146-162. 

Jooste-Smit, P. 1998. 'Earth construction: a changing tradition'. Acta Structilia, 5(1 &2), 55-80. 

Juma, G.O. 1982. Construction Guidelines for House Building in Site and Service Schemes in Kenya. Nairobi: 
Housing Research and Development Unit, University of Nairobi . 

Keddie, J. and Cleghorn, W. 1980. Brick Manufacture in Developing Countries . Edinborough: Sconish 
Academie Press. 

Malan, L. 2000. 'Deciding what matters: Identifying Key Performance Indicators with the People of 
Khayelitsha'. Proceedings: Strategies fora Sustainable Built Environment, 23-25 August 2000, Pretoria. 

Marais, L. 2000. 'Towards an Onderstanding of the Housing Problem: Some Evidence from the Free State 
Province (South Africa)'. Proceedings: Strategies for a Sustainable Built Environment, 23-25 August 2000, 
Pretoria. 

Martin, R. 1984. 'Poverty and Professionals'. RJBA Joumal, July 1984. 

McHenry, P.G. 1984. Adobe and Rammed Earth Buildings. Design and Construction. New York: John Wiley & 
Sons. 

Morris, J . & Booysen, Q. 2000. 'Earth Construction in Africa'. Proceedings: Strategiesjor a Sustainable Built 
Environment, 23-25 August 2000, Pretoria. 

Ngowi, A.B. 1997. 'Improving the traditional earth construction: a casestudy of Botswana' . Construction and 
Building Materials, 11(1), 1-7. 

Niemeyer, R. 1982. Der Lehmbau und seine praktische Anwendung. Staufen: Ökobuch. 

Odora Hoppers, C.A. (ed.) 2002. Jndigenous Knowledge and the Inlegration of Knowledge Systems. Towards a 
Philosophy of Articulation. Claremont (SA): New Africa Books. 



Building Blocks for Development 

Oliver, P: 2006 (fust published 2000). 'Ethics and vemacular architecture'. In: Ethics and the Built Environment. 
New York: Routledge. 

Osman, A.O.S. 2006. 'Adaptable residential architecture in South Africa Exploring the possibilities of 
technological and cultural transfer in partnership with small-scale, local industries in Mamelodi, Pretoria'. In: 
Proceedings Adaptables 2006 (Vol. 1), 3-5 July 2006, Eindhoven. 

Republic of South Africa (RSA). 1998. White Paper on Local Govemmenl. 

Rigassi, V. (CRATerre-EAG) 1995. Compressed earth blocks. Volume I. Manual ofproduclion. Eschbom: GTZ 
and GATE. 

Smit, P.C. et al. 1996. Economics. A Soulhem African Perspeclive. Kenwyn: Juta & Co. 

Spence, R.J.S. and Cook. D.J. 1983. Building Matenals in Developing Countries. Chichester: John Wiley & 
Sons. 

Steyn, J.J. et al. In preparation. Final report TU/e and UFS SANPAD project. 

Steyn, J.J. and Jooste-Smit, P. 2006. 'Informal small brickyards in the Free State townships are enhancing local 
economie development'. Acta Structilia, 13(1), 82-105. 

Technische Universiteit Eindhoven (TU/e) & University of the Free State (UFS). 2002. A South African Building 
Renaissance: Acceptability of sustainable, high quality, earth constructed, pubtic and private buildings 10 

support local economie developmenl. (SANPAD Application). 

Technische Universiteit Eindhoven (TU/e) & University of the Free State (UFS). 2007. Final report SANPAD 
project). (In preparation.) 

Webb, D.J.T. 1988. Stabilised Soil Building Blocks. (PhD thesis, University ofNewcastle-upon-Tyne.) 

Webb, D.J.T. and Lockwood, A.J. 1987. BREPAK Operators Manual. Garston: Building Research 
Establishment. 



Internet relerences 

CRATerre, centre for earth construction at the École Nationale Supérieure Architecture Grenoble: 
http:/ /rerre.grenoble.archi. fr. 

References 

'Sustainable Settiement inSouthem Africa', maintaiued by CSIR Building and Construction Technology: 
http://www .su. uünnble eulement.co.za. 

Governmental websites: 

Central govemment of the Republic of South Africa: 
http://www.gov .za. 

> Department of Housing: 
http://www.housing.!Wv.za 

> Department of Environmental Affairs and Tourism (a good souree for maps) : 
http://www.environrrlènt .gov.za. 

Free State province: 
http://www.fs.gov.za. 

Research partners: 

v.za. 

Eindhoven University of Technology: 
http:/ /www. tue. nl 

University of the Free State: 
http://www. uovs.ac.za 

SANPAD: 
http://www.sanpad.org.z<:~ . 



Building Blocks for Development 

List of abbreviations 

CEBs Compressed Earth Blocks 

CRA Terre research centre for earth construction at the Grenoble School of Architecture 

FSGDP Free State Growth and Development Plan 

GDP 

GDPR 

LCA 

LED 

RDP 

RSA 

SANPAD 

SMMEs 

TUle 

UEC 

UFS 

Gross Dornestic Product 

Gross Dornestic Product per Region 

Life Cycle Analysis 

Local Economie Development 

Reconstruction and Development Programme 

Republic of South Africa 

South Africa-Netherlands Research Programme on Alternatives in Development 

Small, Medium and Micro Enterprises 

Eindhoven University of Technology 

Unit for Earth Construction (at the Department of Architecture of the UFS) 

University of the Free State 



Acknowledgements 

Acknowledgements 

Fortunately, many people were willing to help me during this graduation project. Without 
their valuable comments, suggestions and support, this thesis would not be what it is today. 

First of all I would like to thank the members of my supervisory comrnittee: Dr. Peter 
Erkelens, Prof. Jos Lichtenberg and Dr. Ernilia van Egmond. Not only for guiding me through 
the process leading to this thesis but also for giving students the possibility to work on 
building technology for the developing world. 

I would also like to thank the other staff members of the Eindhoven University of Technology 
(TU/e) involved with the SANPAD project: Prof. Annelies van Bronswijk, Tamara Derksen, 
Dr. Kees Doevendans, Dr. Wolf Schijns, and Prof. Peter Schrnid. I thank Dr. René Dierkx, 
former staff member of the TUle, for introducing me to the project. 
Fellow student Robbert Vroomen wasn't working on the SANPAD project, but his graduation 
project was also focused on earth construction in developing countries. Having another 
student working on similar topics as a sparring partner was very useful to me. 
My fellow students and supervisors of the graduation studio SPIRIT also gave valuable 
feedback during my graduation process. 

Furthermore, I am very grateful to the staff members of the University of the Free State (UFS) 
involved with the SANP AD project, as well as their colleagues and farnily members who 
made my stay in South Africa a great learning experience. The same goes for the UFS 
students involved with the project and the students at the 'Vishuis', my home-away-from
home while I was in South Africa. 
Prof. Das Steyn, the project leader, and Petria Srnit and Gerhard Bosman of the Unit for Earth 
Construction at the UFS, helped me with indispensable information and gave valuable 
comments throughout my graduation project. 

Last but not least, I thank my family and friends who supported me throughout my studies 
and this graduation project in particular. Of course, my parents deserve partienlar mention as 
we11 as the great new friends I made in Bloemfontein, from many different countries. 



Building Blocks for Development 

Appendix 1: Recommendations for governmental policies 

A 1.1 Introduetion 

Though it falls somewhat out of the scope of this thesis on building technology, the 
govemmental policies to support the suggested technology are important enough to deserve 
some specific attention. Therefore, this appendix was added. 

Govemment support, at local, provincial and national levels, is crucial for sustainable 
construction to become a viabie means to further local economie development. 

Firm policies on the u se of non-conventional materials, backed by a demonstration of the government's 
commitment to use them in government-sponsored project would contribute greatly in enhancing their 
increased application in both public and private housing and building projects. (UN ECA in: 
CIB/RILEM, 1985: 11) 

Unfortunately, such support is often lacking, though there are positive exceptions (Jooste
Smit, 1998: 79). 

The great importance of govemment support is illustrated by the earth constructed town of 
New Gourna (Fathy, 1973). Though this project of the Egyptian architect Hassan Fathy is 
exemplary in many respects, it was a failure in the sense that it never got finished and did not 
become a flourishing village (Jooste-Smit, 1998: 58-65). The lack of understanding and co
operation from the govemment was an important reason for the failure (ibid.: 65-66; Fathy, 
1973). The govemment did not deliver materials on time, interfered with the way Fathy 
appointed workmen, was used to working with big contractors, and did notsupport the revival 
and promotion of local crafts and traditions, but promoted modem, expensive materials. 
Furthermore, regulations made organization difficult. 

In Part lll, the choice of technology was aimed at improving the quality of housing, lowering 
the building costs, creating more opportunities for job creation and SMMEs, and lowering the 
environmental impact. Since stabilized CEBs were chosen on the basis of these criteria, 
govemment policies in support of stabilized CEBs should also be directed at those criteria. 
Therefore, this chapter will discuss: 

> policies to improve the quality of housing; 
> policies to lower building costs; 
> policies to create more local jobs and support SMMEs; and 
> poli ei es to lower the environmental impact of building. 

Before these policies are discussed in more detail, a general remark needs to be made. 
Nothing would make the public commitment to stabilized CEBs more visible and tangible 
than govemments specifying their use for government housing plans and public buildings. 
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Furthermore, these projects would provide opportunities for SMMEs and valuable training 
opportunities (as was discussed in§ 14.4). 

A1.2 Policies to imprave the quality of housing 

More standardization and quality control would improve the acceptability of local low-cost 
building materials such as stabilized CEBs. 

It is clear that the absence of standards that provide a basis for determining the suitability of matenals 
for specific end uses has created probieros for some matenals particularly those that are 'new' to the 
construction market This, in turn, has led to disinterest on the part of entrepreneurs in making 
investments for the production of such matenals (UN ECA in: CIB/RILEM, 1985: 1 0) 

An adequate research, technology and information infrastructure is necessary to improve this 
situation (ibid.: 11). Not only should technological research be supported, the disseminarion 
of the research results is at least equally important. Govemments at all levels should initiate 
and support training programmes to improve the technica! knowledge and skilis of local block 
producers and self-help builders. Since good design and construction wiJl be vital in ensuring 
the quality of stabilized CEB buildings (see Chapter 13), the training of architects and other 
professionals also deserves partienlar attention. 

Govemments should also strive for more comrnunity involvement in building projects, since 
this seems an essential precondition for what people perceive as 'quality of housing': 

Studies in South Africa have shown that when people are asked to rate the key performance indicators 
for their built environment, it is often not the quality that is important, but that the correct process has 
been foliowed in determining what gets built, and that this process takes cognisance of social and 
cultural needs and their pnonties. (Du Plessis, 2002: 76) 

People should not be given the feeling that the govemment builds houses for them. Rather, 
they should be empowered to build houses for themselves with the govemrnent aiding them. 
Consictering the huge housing backlog and the limited govemment resources, people should 
not have a passive attitude, waiting for the govemrnent to build them a house. An 
entrepreneurial and self-help attitude is needed to improve the quality of housing at a much 
faster pace than could be achieved through govemment-subsidized and eontractor-built 
housing schemes. 

A1.3 Policies to lower building costs 

Parallel to the establishment of good standards for local, low-cost materials (as discussed in 
the previous section), building codes and regulations that prohibit or hamper the use of such 
materials should be revised. 1 

1 For similar probieros and reconunendations in an East-African context see Dierkx, 2003: 36-40. For a 
suggested code model for earth construction see McHenry, 1984: 195-203. 
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Existing building codes and regulations in many African countries were introduced during the colonial 
era and have since undergone little change. They are generally incompatible with prevailing conditions 
and hinder the development of several building matenals and techniques based on local resources. They 
require reformulation to become effective instruments for the development of affordable housing. (UN 
ECA in: CIB/RILEM, 1985: 11) 

Some work on this issue has already been done in South Africa: 

Individual municipalities are approving plans of building in earth, some under certain conditions. ( . .. ) 
This is not an ideal situation yet, but from all parts of the country interested parties are working to 
change the situation so that earth will later be included in the National Building regulations. (Jooste
Smit, 1998: 78-79) 

Research on low-cost building matenals should be supported. Particularly research and 
development to make the production processes more efficient, which could result in lower 
costs. The use of stabilized CEBs for government subsidized housing and public buildings 
could create a big enough market to provide room for research and development. 
Furthermore, these projects could be supervised to ensure efficiency and quality, thus limiting 
the waste of financial, hu man and material resources. 

The land use policies should allow local block producers to quarry soil, in an environmentally 
responsible manner, for no or very low costs. 

A1.4 Policies to create more local jobs and support SMMEs 

The TU/e and UFS SANPAD application already pointed out the following problem with 
stimulating local economie development through construction: 

Unfortunately the construction of private and public buildings for the poor is in the hands of large 
contractors. We estimated that less than 5% of the building budget is spent by small contractors. Small 
contractors both for producing building materials and whole buildings should increase to 25% to 
become a viabie alternative in the construction industry in the smaller comrnunities. These types of 
entrepreneurial activities will stimulate local economie developmeot in smal! towns and also urban 
areas. (TU/e & UFS, 2002: 7) 

This problem could be overcome by a good working out and implementation of the (national, 
provincial and local) government strategies to stimulate SMMEs. 
The White Paper on Local Government already suggests breaking tenders down into smaller 
parts to support emerging contractors (RSA, 1998: § 2.3.1). 

More research in the field of low-cost equipment and small plants could also be of great help 
in supporting new and existing SMMEs in the production of sustainable building materials 
(UN ECA in: Cffi!RILEM, 1985: 11). 
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SMME development forms an important part of the Provincial Growth and Development 
Strategy (PGDS) 2005-2014 of the Free State Province (2005). This strategy recognizes nine 
tools for SMME promotion: (1) public sector procurement, (2) funding, (3) policy review, (4) 
business development services, (5) technology transfer, (6) information, (7) market and trade 
assistance, (8) networks, and (9) infrastructure provision. 

These tools will be discussed in relation to smali-scale block production: 

(1) Local, provincial and national govemments can specify building materials produced by 
local SM MEs for govemment housing se he mes and other public buildings (e.g. schools, 
govemment buildings). This would create a market for local block producers. 

Additionally, most of these prograrrunes are implemented alongside some sort of a support structure, 
designed to ensure that SMMEs comply with quality standards, understand how to apply for the 
opportunities created and can assembie tbe network required to deliver the desired quality of products. 
These prograrrunes can be extremely useful in developing new markets for SMMEs and expertise in the 
sector. (Free State Province, 2005 : 254) 

(2) Funding can take the form of micro-credits forsmali-scale block producers. Existing local 
brickyard owners in the target areas already indicated that small loans would be a great 
stimulus for business development. 

(3) Suggestions for policy review are given throughout this chapter. Here we will suffice with 
the additional remark that a good land control policy, allowing sufficient quarrying in 
such a manner and at such locations that damage to the environment is minimized, seems 
particularly important. 

(4) The PGDS reeommencts establishing local business service centres. The aim is to "address 
the specific needs of the small business sector in terms of training, technology transfer, 
information and marketing" (ibid: 256). These issues are certainly relevant for smali-scale 
producers of building materials. 

(5) The PGDS recognizes the importance of partnersrups with universities en technology 
institutions to enhance the technology transfer to SMMEs. The field workof the Unit for 
Earth Construction of the University of the Free State seems exemplary in that respect. 

(6) Information is rightfully recognized as "one of the cornerstanes of any business, whether 
it is information on market dynarnics and penetration, product design, technological 
development or elient demand" (ibid.: 257). The information gathered for the SANPAD 
project could be very useful in that respect. Some information was already disseminated 
through teehoical workshops. A 'handbook' for stabilized CEB production is under 
development at the Unit for Earth Construction of the UFS. 

(7) Limited marketing channels are mentioned in the PGDS as an obstacle for SMME 
development. The community play developed for the SANP AD project could be 
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considered an innovative marketing channel for stabilized CEBs. However, the follow-up 
questionnaires have shown that additional stabilized CEB promotion remains necessary. 

(8) Consortia of block producers could certainly help in terms of economies of scale, sharing 
of information and enhancement of technology transfer. Partnerships with local quarries 
and local contractors could most certainly also be very valuable. 

(9) Though the local production of building matenals would require less transport, a good 
(local) infrastructure for the provision of raw matenals and the distribution of the products 
still remains essential. 

Jones and Jain (2002: 148) identify four pnmary obstacles faced by SMMEs with regard to 
new technology development and acquisition: (1) learning about new technologies, (2) 
evaluating new technologies, (3) successful new technology adoption and (4) learning about 
and utilising technology development options. A strategy as outlined above seems suited to 
overcome these obstacles. 

A1.5 Policies to lower the environmental impact of building 

As discussed in previous sections, raising public awareness of the great value stabilized CEBs 
could have for local communities is vital. Clarifying the possibilities to create more and better 
housing and employment through stabilized CEB production, and the indirect effects that 
would have on other major issues like health and safety, could help to increase the 
acceptability. 
Though the public will, understandably, be most interested in better housing and more 
employment, awareness of environmental problems should also be raised. The public should 
be aware that the building industry is a major contributor to environmental pollution, and that 
the increased use of local materials and resources could help reduce the negative impact of 
building on the environment. Furthermore, the health benefits this could bring to people 
should be pointed out. The message should be brought in simple terms and packed in such a 
manner that local communities can relate to it. 

Govemments should also support relevant research and the disseminarion of research results. 
Limited (financial) means and manpower are always constraints to any project, but this seems 
especially so in the field of sustainable construction for developing countries. 

One of the key challenges of sustainable construction is the mobilisation of resources in order to 
support research, technologica i changes and feasibility studies for the production and marketing of new 
materials and techno logies.( .. . ) 
Governments are not able to guarantee the necessary financial resources to support the above
mentioned activities. The private and academie sectors represent resources that can be tapped and 
directed towards initiatives in the sustainable construction sector. Working together, the financing of 
research and educational activities, as wellas the responsibilities to develop the sector can be shared by 
all parties. ( ... ) Furthermore, research partnersbips among different countries wiU reduce the costand 
time required to solve the main technica! problems. (Du Plessis, 2002: 17-18) 
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The TUle and UFS SANP AD project seems exemplary in re gard of the recommendations 
gtven. 
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Appendix 2: Sourees and calculations behind table 10.1 

The standard size for (stabilized) adobe is based on a personal communication with UFS staff (2007). 
Adobe sizes range form 200 x 200 x 100 to 300 x 200 x l 00 mm. Here a size of 300 x 200 x l 00 mm 
is assumed. 

The standard size for stabilized CEBs is based on literature from CRA Terre, so data from that 
literature can be used. Cf. Rigassi, 1995:16. 

The standard size for brieles is based on the current practice at local brickyards surveyed in the target 
areasof the SANPAD project, so the data from those surveyscan be used. (Cf. Steyn & Jooste-Srnit, 
2006: 100.) 

The sizes of cement blocles vary, though they are usually a little larger than ftred bricks. Here, the 
standard size forcement blocks is assumed equal to that of stabilized CEBs. 

The table is based on the following calculations: 

(Stabilized) adobe: 
Surface area of one (stabilized) adobe: 0.300 m * 0.100 m = 0.0300 m2

• 

With 10 mm mortar joints: (0.300 + 0.010) * (0.100 + 0.010) = 0.0341 m2
• 

Number of blocks per m2 of wall: 1 I 0.0341 = 29. 
Surface area of blocks per m2 of wall: 29 blocles * 0.0300 m2/block = 0 .870 m2

. 

Surface area of mortar joints per m2 of wall: 1 - 0.870 = 0.130 m2 = 13 %. 

Stabilized CEBs I cement block: 
Surface area of one stabilized CEB I cement block: 0.295 m * 0.090 m = 0.0266 m2

• 

With 10 mm mortar joints: (0.295 + 0.010) * (0.090 + 0.010) = 0.0305 m2
. 

Number of blocks per m2 of wall: 1 I 0.0305 = 33. 
Surface area of blocks per m2 of wall: 33 blocles * 0.0266 m2/block = 0.876 m2

. 

Surface area of mortar joints per m2 of wall: l - 0.876 = 0.124 m2 = 12 %. 

Fired bricks: 
Surface area of one fued brick: 0.220 m * 0.075 m = 0.0165 m2

• 

With 10 mm mortar joints: (0.220 + 0.010) * (0.075 + 0.010) = 0.0196 m2
• 

Number of blocles per m2 ofwall: 1 I 0.0196 = 51. 
Surface area ofblocks per m2 of wal!: 51 blocles * 0.0165 m2/block = 0.816 m2

• 

Surface area of mortar joints per m2 of wal!: l - 0.816 = 0.184 m2 = 18 %. 

Since the composition of the mortar will be sirnilar to that of the block type, the effect of somewhat 
larger or smaller blocks should not be that great on the overall characteristics of one square meter of 
wal!. 
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Appendix 3: Sourees and calculations behind table 11.1 

For the calculations, it is assumed that the total volumes and volume-shares of raw materials are 
roughly equal for the wet state during production and construction and the dry state in the finished 
wal!. CEBs are an exception, since the volume of the blocks changes significantly during production 
(through the compaction). Thus, for CEBs values found in literature will be used. 

Regular adobe: 
Assuming that the walls will be plastered on both sides with a mud plaster of IO mm, the wal! 
thickness will be 200 mm + 2 * I 0 mm = 220 mm. 
The amount of raw materials (soil) needed for 1 m2 of wall, wil! then be I m2 * 0.220 m = 0.220 m3

. 

Stabilized adobe: 
Volume of one square meter of wall =I m2 * 0.200 m (block thickness) = 0.200 m3

. 

Volume of mortar joints: 0.13 * 0.200 m3 = 0.026 m3
. (13% of volume consistsof mortar joints, 

see table x.) 
Volume of blocks: 0.200 m3 

- 0,026 m3 = 0, I7 4 m3
• 

Cement for blocks: 0.07 * 0.174 m3 = O.OI2 m3
. 

Soil for blocks: O.I74 m3
- O.OI2 m3 = O.I62 m3

. 

Cement for mortar joints: 1.5 * 0.07 * 0.026 m3 = 0.003 m3
• (1.5 times as much cement as blocks, 

see table x.) 
Soil for mortar joints: 0.026 m3 

- 0.003 m3 = 0.023 m3
. 

Totals: 
Soil : 0.162 + 0.023 = O.I85 m3

. 

Cement: 0.012 + 0.003 = O.OI5 m3
. With a cement density of 1 250 kg/m3 (Rigassi, 1995: 84), this 

equals I9 kg. 

Stabilized CEBs: 
Blocks: 

Soil for blocks: 
Fora certain plant type, able to produce 600 to 1 000 blocks per day, Rigassi (1985: 16) states that 
4.2 m3 of soil per day is necessary. If we assume an average production of 800 blocks per day (the 
average of 600 and I 000), this means (4.2 m3 soil/ 800 blocks) * 33 blocks = O.I73 m3 of soil is 
required to produce enough blocks for one square meter of wall. 
Cement for blocks: 
With 7% of the volume being cement, 0.173 m3 (soil) would be 93% of a total volume of 0.186 m3 

(= I00/93 * 0.173). 
7% of 0.186 m3 equals 0.013 m3

• With a cement density of I 250 kg/m3 (Rigassi, 1995: 84), this 
equals 16 kg. 

Mortar: 
Cement for mortar: 
Cement-content for mortar I.5 times as high as for blocks (Rigassi, 1995: 89). 
The share ( surface area) of mortar divided by the share ( surface area) of blocks times the quantity 
of cement times 1.5 equals the quantity of cement for mortar: 
(0.124/0.876) * 0.013 m3 * 1.5 = 0,0028 m3

• With a cement density of I 250 kg/m3 (Rigassi, 1995: 
84), this equals 3 kg. 
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Soillsand for mortar: 
Volume of mortar joints minus volume of cement: 0.0174-0.0028 = 0.0146 m3

. 

Totals: 
Soil: 0.173 + 0.0146 = 0.188 m3

. 

Cement: 16 + 3 = 19 kg 

Fired bricks: 
Soil for bricks: 2 m3 of clay per 1 000 bricks and 0.4 m3 of sand per 1 000 bricks (20% of clay 
input) (ll__O, 1984: 172). This equals 0.102 m3 of clay and 0.020 m3 of sand for 51 bricks (1 m2 of 
wall). 
Sand for mortar: 0.75 * 0.18 * 0.110 m3 = 0.015 m3

. This is the share of sand in the mortar (75% 
or 0.75, assuming the sand : cement content equals 3 :1) times the share of mortar joints in the 
wal! volume (18 % or 0.18, see table x, page x) times the volume of one square meter of wall (1 
m2 * brick width). 
Cement for mortar: 0.25 * 0.18 * 0.110 m3 = 0.00495 m3

. With a cement density of 1 250 kg/m3 

(Rigassi, 1995: 84), this equals 6 kg. 
Coal for clamp: 0.26 tonnes per 1 000 bricks (heat requirement of 7 000 MJ per 1 000 bricks) 
(ll__O, 1984: 138). This equals 133 kg for 51 bricks (1 m2 of wall). 
Water for bricks: 500 litre per 1 000 bricks (ll__O, 1984: 172). This equals 26 kg for 51 bricks (1 
m2 of wall). 

Totals: 
Soillclay/sand: 0.102 + 0.020 + 0.015 = 0.137 m3

• If we assume that the clay and sand content of 
the soil is ideal for the brick production, so that no soil has to be wasted. 
Cement: 6 kg. 
Coa1: 133 kg. 

Cement blocks: 
Blocks ( 1 part cement to 4 parts sand): 

Sand: 0.8 * 0.140 m3 = 0.112 m3
. (Volume of 1 m2 of wall: 0.140 m3

.) 

Cement: 0.2 * 0.140 m3 = 0.028 m3
• With a cement density of 1 250 kg/m3 (Rigassi, 1995: 84 ), 

this equals 35 kg. 

Mortar: 
Composition the same as for frred bricks. Mortar volume the same as for CEBs. Values for frred brick 
are used, multiplied with the volume-share of mortar in fired brick walls divided by the volume-share 
of mortar in CEB walls. 

Sand: 0.015 m3 * (0.12/0.18) = 0.010 m3
. 

Cement: 0.00495 m3 * (0.12/0.18) = 0.0033 m3 = 4 kg. 

Totals: 
Sand: 0.140 m3 + 0.010 m3 = 0.150 m3

• 

Cement: 35 + 4 = 39 kg. 
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Appendix 4: Questionnaires of the TU/e and UFS SANPAD project 
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SANPAD PROJECT Questionnaire for THE PUBLIC 

Die aanvaarbaarheid van volhoubare, hoë kwaliteit, publieke en private geboue, opgerig in grond, 
wat plaaslike ekonomiese ontwikkeling ondersteun 

Acceptability of sustainable, high quality, earth constructed, pub/ie and private buildings 
to support /ocal economie development 

Kamogelo ya tsweleditsweng, boleng bo bo godimo, meago ya setshaba Ie meago ya batho e e agileng 
mo mmung go tshegetsa tlhabologo ya pabalelo e e selegae 

Die departement Argitektuur en die 
departement Stads- en Streek
beplanning van die Vrystaatse 
Universiteit saam met die Tegniese 
Universiteit van Eindhoven in 
Nederland doen navorsing vir die 
volhoubaarheid van grondbou in die 
Vrystaat en Noord-Kaap. Alle 
inligting wat u aan ons verskaf is 
vertroulik en sal net vir akademiese 
doeleindes gebruik word. 

The department of Architecture and 
the department of Urban and Regionat 
Planning of the University of the Free 
State logether with the Eindhoven 
University of Technology in the 
Netherlands are doing research on the 
sustainabifity of earth construction in 
the Free State and Narthem Cape. All 
information you wil/ give us wil/ be 
confidential and wil/ only be used tor 
academie purposes. 

Lefapha la Boagi Ie lefapha la 
Togemaano ya Semotseng Ie ya 
Kgaolo ya Yinibeseti ya Foreistata 
mmogo Ie Yinibeseti ya Eindhoven ya 
Thekenoloji ya mo Holane, tsona di 
dira tlhotlhomiso mo tsweleditsweng 
yak ago ka mmu mo Foreistata Ie mo 
Kapa ya Bokone (Northern Cape) . 
Tshedimosetso yotlhe e e lo tlo re 
neelang e tla nna khuparama Ie e tla 
diriswa fela go ditebo tsa botlhalefi. 

Name: ....... ... ..... . .. . .... ..... ..... ............ .. . Student No.: .. . ...... ... ... .. o.o . o . o ••• •• o • •• o •• o •• 0. 0 

2-7 

Persoon met wie gepraat I Person spoken to I Motho yo o mo buileng ke mang? 
3. Watter een van die volgende persone is u? 0 hoof van u huishouding I head of your 

Which one of the fol/owing persons are you? household I tlhogo ya motse 
'Mongwe ofe wa batho ba ba latelang ke 0 eggenoot of eggenote I husband or wife I 
wean? monono kgotsa mohumagadi 

0 huurder I tenant I mohiri 
oo 0 volwasse kind I adult child I ngwana yo o 

0~ mogolo 
0 ander I other I -sele ..... 0. Oo 0 0 •• 0 •• • • 

4. U huistaal is? 0 Sotho I Sesotho 
Yourhome~nguage~? 0 Tswana I Setswana 
0 bua sekae kwa lelapa? 0 Xhosa I lsixhosa D 10 

0 Afrikaans I Seaferikanse 
0 English I Seesimane 
0 ander I other I -se Ie ............ 0 0 •• 0 0 

Huishouding I Household I Motse 
5. Hoeveel mense woon in die huis? 

How many people live in the house? . . ' . . . . . . . . . . . . 
Batho ba bakae ba phela mo nbtlong e? 

CD 11-12 

6. Hoe oud is die mense wat in die huis woon? Ouderdom 
How old are the people living in the house? A ge 0 ~ Bogodi jwa batho ba baphelang mo ntlong e, ke eng? Bogodi 0 

0-6 13 14 

7- 19 15 16 

20-29 17 18 

30-39 19 20 

40-49 21 22 

50- 59 23 24 

60-69 25 26 

70+ 27 28 

Quest1onna1re No.: ......... oo •• o . 0 0 0 •• • Date: .. ····· ····· · · 
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7. Hoeveel mense in hierdie woning 'n vaste werk? 
How many people in the household have a permanent job? · ·· ······ 
Batho ba bakae mo motseng o ban a Ie tiro e e ruri? 
Indien ja, wie? 
lf yes, who? ··· · ·· ·· ·· ······· · ··· ··· ·· ·· ····· ·· ·· ··· ·· ····· · ··· ·· ······ ·· ·· 

Fa 'ewe'- Ke mang? ... .... .. ..... ....... 

8. Kry iemand in die huis . .. 0 pensioen I pension I phensene 
Does anybody in the household get ... 0 ongeskiktheidstoelae I disability benefits I 
A mongwe mo motseng o o bon a . .. mesola ya bokoa 

0 kindertoelaag I child benefits I mesoio ya bana 
[MEER AS EEN MOONTLIKE ANTWOORD ] (vir hoeveel kinders I for how many children I 
[MORE THAN ONE ANSWER POSSIBLE.] go bana ba bakae .... .... . ) 
[DIKARBO Dl KA NNA GAPEGO NNGWE.] 0 geen een van bogenoemde I none of the 

above I gope ga mo godimo 

9. Wat is die maandelijkse inkomste van die huishouding? 0 0-250 
What is the monthly income of the household? 0 251 - 500 
Lotseno lwa motes o ke bokae ka kgwedi? 0 501-750 

0751-1000 
0 1001 -1250 
01251 -1500 
0 1501 - 1750 
0 1751-2000 
0 2001 -2500 
0 2501 - 3000 
0 3001 - 5000 
0 5000+ 

Woning I House I Ntlo 
10 Is hierdie woning ... 0 u familie se eiendom I owned by your family I thoto ya 

Is the house ... balelapa ba gago 
A ntlo e ... I D gehuur I rented I go hiriwa 

D ander I other I -se Ie ........ . ... .... ....... ..... . ... .... ....... .. .. 
Indien u 'n huiseienaar is: 0 van staat gekry I given by the government I 
hoe het u die huis bekom? neilwe ka mmuso 
/f you're a house-owner: D self gebou I self-built I agilwe ke nna 
how did you acquire the house? D gekoop I bought I rekile 
Fa o mong wa ntlo e: 0 no wa D geërf I inherited I boswa 
bapala ntlo e jang? D ander I other I -sele ······· ··· ··· ···· ·· ·· ·· · ·· · 

11 Hoeveel vertrekke het die woning? 
How many rooms does the house have? ···· ·· ·· ··· · ·· ······ · ·· ·· · 
Ntlo e na Ie diphaposi tse dikae? 

12 Watter een van water I D lopende water in huis I running water in the house I 
die volgende water I metsi metsi wa gotaboga mo ntlong 
dienste het die 0 kraan op erf I tap on lot I thepi ka setsha 
woning? 0 kraan in straat I tap in the streef I thepi mo mmllang 
What services 0 geen I none I metsi ape 
does the house elektrisiteit I 0 elektriese aansluiting I electrical conneetion I kgolagano 
have? electricity I ya motlakase 
Ntlo e na Ie motlakase D ander I other I -sele .. . .. . .... .... . .. . .... .. .. . 
ditirelo dife? 0 geen I none I motlakase ope 

toilet I toilet I 0 spoeltoilet aan systeem I flushing toilet connected to 
boithomelo drain I boithomelo bo bo golaganyang Ie leela la mesele 

D spoeltoilet met tenk I flushing toilet with tank I 
boithomelo Ie tanka 

0 pitlatrine I pit-latrine I ntlwana ,Ie lehuti 
0 ander I other I -sele .. ...... . ... . ....... . .. .... 
0 geen I none I boithomelo bope 

Questionnaire No.: ..... . ... ... .... .. .. . 

D 29 

D 30 

0 31 

D 32 

D 33 

[IJ 36-37 

D 38 

D 39 

DO 40-41 

0 42 

D 43 

D 44 

Date: ... ..... .... ... .. . .. . 
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13 Watter tipe mure het die huis? D grondmure I earth wa/Is I mabota a mmu 
What type of wa/Is does this D baksteenmure I brick wa/Is I mabota a ditena 
house have? D sementsteenmure I cement block wa/Is I 
Mofuta wa mabota a ntlo e ke mabota a mekasa ya samente 
efe? D sink mure I zinc wa/Is I mabota a senke 

D ander I other I -se Ie .......... ... ................ . ... ...... 

Indien grondmure, waar kom grond vandaan? 
:1 lf earth wa/Is, where did the soit come trom? ·· · ··········· · · ·· ··· ········· ·· · ······ 

Fa mabota a mmu, mmu o tswa kae? 

Indien grondmure en self gebou, wie het hullegeleer om dit 
te bou? 
lf earth wa/Is and self-built, who taught them how to build it? ····· ····· ···· ··· ···· ··· ·········· ··· ·· 
Fa ke mabota a mmu, mme batho ba ikagetse, bona ba 
rutiwe go a aga ke mang? 
Indien grondmure, watter tipe grondmure? 
lf earth wa/Is, what kind of earth wa/Is? ····· ·············· ···· ·· ··· ········· ·· 
Fake mabota a mmu, ke mabota a mmu ofe? 

Indien grondstene, wie het stene gemaak? 
lf earth blocks, who made the blocks? ······ ······· ·· ················ ······ ·· 
Fake mekasa ya mmu, ke mang yo o dirileng mekase e? 

14 Van watter materiaal is die dak 
gemaak? D sink I zinc I senke 
What material is the roof made of? D ander I other I -sele . .. .. .. ........ ....... .... . .. .. .. ... 
Dithulelo dife di dirisiwe go 
borulelo? 

15 Hoe lank woon u in hierdie woning? 
How long have you been living in this house? ... ... ..... ... . ...... .... . 
Ke nako e kana kang gore o phela mo ntlong e? 

16 Het u al in 'n huis gewoon wat van grondstene gebou is? D ja I yes I Ewe 
Have you ever lived in a house that was built with adobe? D nee I no I Nnyaa 
A o kile wa phela mo ntlong e e agilweng ke ditena tsa , D weet nie I don't know I la 
seloko? 

I 
ke itse 

VoorkeureI Preferences I Dithatego 
17 Wat sou u verkies as bouwmateriaal vir u huis se mure? 

What building material would you preter tor the wa/Is of your house? ··· · ···· ·· ····· · ··· ········ 

0 tla rata eng ka ga dikagi tsa mabota a ntlo ya gago? ··· ·· ····· ·· ·· · · ···· · · ··· ·· 

Hoekom? ········· ·· · ··· ·· · ···· ··· ······ ··· ···· ···· ········ · · ·· ··· ··· ··· · ·· ·· ··· · ··· ··· ······ ······· ·· ······ ··· 
Why? · ······ ·· ········ · ·· · ··· ····· · ··· ··· ······· ··· ····· ···· ·· · ·· ·· · ····· · · ··· ·· ······ · ·· · ······ ···· ··· · ·· · 
Ke eng? ······· ·· · ·· · ······ ··· ····· · ··· ·· · · ···· ············ ·· ······ ·· ·· ······· ·· ··· ····· ··· ····· ··· ······ ·· ·· · 

· ··· ·· ···· ··· ·· ··· ···· ·· ······ ···· ·· ·· · ···· ········ ········ ······ · ···· ·· ······ · ··········· ····· · · ·· · ·· 
18. Watter twee materiale sou u verkies vir u mure, plaas in volgorde. 

Choose the two materials you preter most for building your wal Is. 
Tlhopha dikagi tse Pedi tsa mantlo tse o ka di ratang mo ntlong ya gago. 
[SHOW PICTURESOF DIFFERENT TYPES OF WALLS AND LET THE PERSON SPOKEN TO CHOOSE THE 

TWO HE OR SHE PREFERS MOST. PUT A 1 AFTER THE MATERIAL THAT IS MOST PREFERRED, A 2 AFTER 
THE ONE THAT IS THOUGHT OF AS SECOND BEST.] 
[BONTSWA DITSHWANTSHO TSA MEFUTA EFE YA MABOTA, MME MOTHO YO 0 GO BUILWENG LE ENA A 0 
TLHOPE TSE PEDI TSE Dl RA TANG BOGOLO. THATEGO YA NTLHA KE "1", LE THATEGO YA BOBEDI KE "2". 

sink I zinc I senke ... 
bakstene I bricks I ditena ... 
sementstene I cement blocks I mekasa ya samente ... 
grondstene I adobe blocks I mekasa ya seloko ... 
hout I wood I dikgong ... 

. hout en grond I wood and earth I dikgong Ie mmu ... 

Questionnaire No.: .... ........ ... ..... . 

0 45 

ITJ 46·47 

ITJ 48·49 

ITJ 50·51 

ITJ 52-53 

D 54 

ITJ 55-56 

D 57 

D 58 

~ 
59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

Date: ....... .... ... ... .. . . 



SANPAD PROJECT Questionnaire for THE PUBLIC 

Grondbou I Earth Construction I Kago ya mmu 
19 Watter eienskappe is belangrik vir 'n materiaal ····· · ···· ·· ·· · ················ ··· ···· ··· ············ ·· ·· 

om mure mee te bou? ··· ··· ········· ······ · ·· ··· ··· ·· · ··········· · ···· ···· · ·· · 
Wh at properties do you find important tor a .. .... ... .... .. .. .. ... .. .... .... .. .. .. . . .. ... .. . ... ...... 
building material tor wa/Is? ··· ··· ······ ··· · ·· ··· · ·· ····· · ········ ·· ······ ··· ·· ··· ··· 
Ditlhago dife di botlhokwa ka ga dikagi tsa ... ... ... ... ... .... ... .... . .... ... .... .. .. ... .... ........ 
mabota? ·· · ···· ·· ·· · ····· · ··· · ·· ····· · ·· · ·· · ··· ··· ···· ·· ··· ·· ·· ·· 

20 Wat dink jy is die gemiddelde kwaliteit van 
mure wat van sengedroogde stene gemaak 0 baie goed I very good I molemo thata 
is? 0 goed I good I molemo 
What do you !hink the average quality of wa/Is 0 neutraal/ neutral I -emelathoko 
made trom adobe blocks is? 0 swak I poor I bokoa 
0 okanya eng ke boleng bo bo palogare jwa 0 baie swak I very poor I bokoa thata 
mabota a mekasa ya seloko? 

21. Hoeveel sal jy betaal vir die volgende 1 . sengedroogde stene I sun-
stene/blokke? (prys per steen) dried bricks I mekosa ya seloko R .. .. .. ... 
How much would you be willing to pay tor the tse ditlhomameng 
following bricks!blocks? (price per brick) 2. gestabiliseerde adobe I 
0 tla duela bokae go ditena tse di latelang I stabilized adobe I ditena tsa R .... .... 
mekasa e e latelang? mmu tse dipapietseng 

[SHOW PICTURES OR SAMPLES OF DIFFERENT 
3. gekompakteerde grondstene I 
compressed earth bricks (CEB) I R .. ...... 

TYPES OF BRICKS/BLOCKS.] ditena tsa mmu tse dipapietseng 

4. gebakte steen I baked brick I 
R .. ...... 

setena se sebe-sitseng 

22 Sien jy enige probleme met die gebruik van sengedroogde 
stene vir mure? 
Do you see any problems with the use of adobe blocks tor 0 ja I yes I Ewe 
wa/Is? 0 nee I no I Nnyaa 
A o bona mathata mangwe Ie mangwe go dirisa mekasa ya 
seloko go bamota? 

Indien ja, watter ······· ··· ··· ·· · ··· ··· ·· ···· ·· ······ ······· ··········· ···· ·· ·· · · ·· ··· ···· ·· ····· · ··· ··· 
probleme? ···· ···· ·· ······· ···· ·· ········· ··· ··· ······ ·········· ·· ······ · ··· ·· ········· ····· ····· 
lf yes, what problems? ... . ... .. ... ...... ..... ... .. .... .. .. . ... ..... .... ....... .... ... . .. ..... . ... . .. .... .. .. . 
Fa 'ewe' - Mathata afe . .. ... .... .. ... . .. .. . . ..... ..... .... ....... ... .. .... .. ... . .. .... ... ... .. .... .... . ... . .. 

···· ····· ··· ·· · ···· ·· ··· · ·· ·· · ··· ·· ······· · ····· ·· · ·· ·········· ··· ··· ···· ··· ···· ·· ··· ·· 
23. Dink jy die gebruik van sengedroogde stene vir geboue is 'n 

0 ja I yes I Ewe goeie ding? 
Do you think the use of adobe tor building is a good thing? 0 nee I no I Nnyaa 

A o akanya gore tiriso ya mekasa ya seloko ya go aga go 0 geen opinie I no apinion I 

siame? Kakanyo epe 

Redes: ··· ·· · · ·· · ·· ··· ··· · ··· ·· ··· ··· ·· · · ··· ····· · ·· ·· · ···· ·· ··· ···· ·· · ······ ·· · ···· · ··· · ····· 
Reasons: .. . ... ... .. .. ... .. .. . . .. . ... .. .... ..... .. ... .. .. ... ... ... .. . ... . .. .. . .. ... .. .. ... ... .. . 
Mabaka: ... ... . .. .. . . .. .. .. ... ... ... .... . ... . .... . .. . ... . .... ... . ....... .. . ... ..... ........... . 

.... .... .. .. .... ... .......... .. .. .. . .... ... .. .. . . .. ... ... ... ..... .. .. . ... .. ... ......... 

···· ··· ······· ················ ··· ·· ·· ···· ········ ··· ··· ···· · ··· ········ ···· ······ ··· ·· · 

Allerlei I Miscellaneous llsele Ie tsele 
24 Wie dink u is verantwoordelijk om vir die 0 hulself I the peop/e themselves I batho 

mense huise te bou? Ie bona 
Who do you think is responsible tor 0 die staat I the state I naga 
building houses tor people? 0 die kerk I the church I kereke 
0 kanya gore ke mangy o o ikarabelang 0 familie I family I balelapa 
go agela batho dintlo? 0 ander I other I -sele ... . ....... . .... .. .... ... ... .. ... 
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SANPAD PROJECT Questionnaire for THE PUBLIG 

25 Wat dink u is die belangrikste om te kry 
vir iemand wat dit nie het nie? D 'n huis I a house I ntlo 

What do you think is most imporlant for D water, ligte, riool I water, lights, sewerage 1 

someone to get, who hasn't got it? metsi, mabone, kgogolelo-leswe 

0 akanya ke eng se botlhokwa thata go D 'n werk I a job I tiro 

bapadisa seo se motho san eng? D ander I other I -sele 

D 104 

26 Wat is u mening oor die ROP huise? .... ...................................................... ..... 
What's your apinion on the ROP houses? .... . . . .......... . .. . .. . .. .. . . . .. . ········· ·· ··· · ···· · ·· · ·· · · ·· 
Kakanyo ya gago ke eng ka ga dintlo tsa ............ . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 0 • • • • • • • • • • • • • • • • DO 105-106 

ROP? ············ ··················································· 
....................... ........................ ············ · ·· · 

Questionnaire No.: .................... . Date: ...... .. ............ . 



SANPAD PROJECT Questionnaire for BRICKYARDS 

Die aanvaarbaarheid van volhoubare, hoë kwaliteit, publieke en private geboue, opgerig in grond, wat 
plaaslike ekonomisie ontwikkeling ondersteun 

Acceptability of sustainable, high quality, earth constructed, pub/ie and private buildings to support 
local economie development 

Kamogelo ya tswel'e ditsweng, boleng bo bo godimo, meago ya setShaba Ie meago ya batho e e 
agileng mo mmung go tshegetsa tlhabologo ya pabalelo e e selegae 

Die departement Argitektuur en die 
departement Stads- en Streek
beplanning van die Vrystaatse 
Universiteit saam met die Tegniese 
Universiteit van Eindhoven in 
Nederland doen navorsing vir die 
volhoubaarheid van grondbeu in die 
Vrystaat en Noord-Kaap. Alle inligting 
wat u aan ons verskaf is vertroulik en 
sal net vir akademiese doeleindes 
gebruik word . 

The department of Architecture and 
the department of Urban and Regional 
Planning of the University of the Free 
State tagether with the Eindhoven 
University of Technology in the 
Netherlands are doing research on the 
sustainability of earth construction in 
the Free State and Narthem Cape. All 
information you wil/ give us wil/ be 
confidential and wil/ only be used tor 
academie purposes. 

Lefapha la Boagi Ie lefapha la 
Togomaano ya Semotseng Ie ya 
Kgaolo ya Yunibeseti ya Foreistata 
mmago Ie Yinibeseti ya Eindhoven ya 
Thekenoloji ya mo Holane, tsona di 
dira tlhotlhomiso mo tsweleditsweng 
ya kago ka mmu mo Foreistata Ie mo 
Kapa ya Bokone (Northern Cape). 
Tshedimosetso yotlhe e e lo tla re 
neelang e tla nna khuparama Ie e tla 
diriswa fela go ditebo tsa botlhalefi. 

Name: ... .............. ....... .. ...... .... .. . ........ . Student No.: ... ... ..... . .... .. ........ . ......... ... .. . 

Persoon met wie gepraat I Person spoken to I Wena o buile Ie mang? 
3. Is u die eienaar, bestuurder of werker op die 

steenmakery? D eienaar I owner I mong 
Are you the owner, manager ar a worker at the 
brickyard? D bestuurder I manager I molaodi 

A wena o mong, molaodi, kgotsa modiri kwa 
D werker I worker I modiri 

boforomaletena? 
4. Is u lid van enige organisasie van 

steenmakers? D ja I yes I Ewe Indien ja, watter organisasie? 
Are you a member of any D nee I na I Nnyaa lf yes, what organization? 
organization tor brick makers? Fa "ewe", thulaganyo efe? 

I A o tokololo ya thulaganyo engwe Ie ·········· ············· · ·· · ············ 
. engwe ya badiri ba setena? 

Steenwerf I Brickyard I Boforomaletena 
5. 1: Hoe lank is die steenmakery al op die terrein? 

How long has the brickyard been on this site? 
. Ke nako e kana kang gore boforomaletena bo nna mo 
l lefelong Ie? 

6. Waarom is die steenmakery op die terrein gevestig? 
1 Why was this particu/ar site chosen tor the brickyard? 
j Ke eng gore lefelo Ie Ie tlhopile go boforomaletena bo? 

.. .. .. jaar I year(s) I 
ngwagaldingwaga 

·············· ·· ···· ·· ········· ······················ · ······· ·· ··· ··· ·· · · ··· ·· · ·· ··· ···· ··· ·· · ···· · · ··· ·· ···· ·· ·· · · ·· · ····· 
I .... .. . .... . ...... .. . .. .. .. ....... .. ..... .. .. .. .... .... ..... ... ... ... ............ . .... . .. . ..... . ..... . .. .. .. ... ... .. ..... .. 

I ooooo o oooooOooooo o•o • o o oooooooo oo o o o o ooooooo o o o o o oo o o o o oooo o o o oO o >o oooooooooo oooo o ooooo o oo o oooo o ooo o o o o o o o o o + oo o Oo oo ooooooo 

I .... .. .. . ... ... . .. ....... ... ..... .. .. .. ...... ... .. .. .. . .. ..... . .. . .. ............... ............ .. ... .. ... . .. . .... . ...... .. . 

Questionnaire No.: .... .. ... .. ...... . .. . 
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CD 12-13 

CD 14-15 
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SANPAD PROJECT Questionnaire for BRICKYARDS 

7. Hoeveel mense werk by die steenwerf (ingesluit die eienaar)? 
How many people work at the brickyard (including the owner)? ... ... ... CD 16·17 

Batho ba bakae ba ba dirang kwa boforomaletena (Ie mong)? 
8. Hoeveel dae van die week werk jul Ie in die steenwerf? ·········· ····· ····· ················ 

How many days of the week do they workat the brickyard? ············ ·· ·· ···· ·· ·········· ···· D 18 

Lona lo dira kwa boforo maletena matsatsi a makae ka beke? ······· ··············· ···· ···· ······ 
9. Hoe word die werkers betaal? D per dag I per day I ka letsatsi 

How are the workers paid? D per week I per week I ka beke 
Badiri ba duela jang? D per maand I per month I ke kgwedi D 19 

D per steen I per brick I ka setena 
D ander I other I -sele ····· ········ ······· ·· ····· 

10 Hoeveel geld kry 'n werker gemiddeld? 
What is the average pay fora worker? R ·············· 
Palogare ya tuelo ya modiri ke eng? per I per I ka ........ .... ... 

'----'---'----'---01-, -1 20·24 u 25 

11 Is daar kantoor op terrein? 
D ja I yes I Ewe Is there an office on the site? [LOOK] 

A go na Ie ofisi kwa lefelo? D nee I no I Nnyaa 
D 26 

Indien ja, I lf yes, I Fa 'ewe', 
- Wat het dit gekos? I What did it cost? I E jele bokae? R ··· · ······ ·· '----'---'----'---'-1 -'I 2 7 ·31 
- Wie het daarvoor betaal? I Who paid for it? I Ke mang yo 

o e duetseng? ·················· · ····· D 32 

12 Is daar stoor op terrein? 
D ja I yes I Ewe Is there a shop on the site? [LOOK] 

A go na Ie lebenkele kwa lefelo? 
D nee I no I Nnyaa 

D 33 

Indien ja, I lf yes, I Fa 'ewe' -
- Wat het dit gekos? I What did it cost? I Le jele bokae? R ...... ...... '----'---'----'----'--1 _,I 34-38 

- Wie het daarvoor betaal? I Who paid for it? I Ke mangy 
o Ie duetse? ..................... ... D 39 

13 Bly iemand op die terrein? I Slaap iemand op terrein? 
D ja I yes I Ewe Does someone stay on the site? I Does anyone sleep at the site? 

A mongwe o nna ka lefelo? I A mang Ie mang o robala ka lefelo? 
D nee I no I Nnyaa 

0 40 

Indien ja, word die persoon betaal om daar te slaap? 
[J ja I yes I Ewe 

lf yes, is that person paid to stay!sleep at the site? 
Fa 'ewe' -A motho yoo o duela go nna I robala ka lefelo? 

D nee I no I Nnyaa 
0 41 

Indien ja, hoeveel? 
lf yes, how much? R ......... 
Fa 'ewe'- Ke bokae? per I per/ ka .... . ............ . 

~42-45 -------o 46 

14. Wat kan die regering doen om dit makliker ··· ···· ·· ············· ·· · ·· · ······ ········ · ···· ····· ··· · ···· 
te maak om 'n steenwerf te bestuur? ········ · ···· ········· ·········· ······ · · ··· ·· · ·· ············ 
What could the government do to make it ........ .. .................... .... ....... ..... .............. 
easier to run a brickyard? ····· · ······ ·· ····· ·· ··· · ·· ··· ·· ······ · ··· ··· · ·· ·· · · ····· ·· · 
IVImuso o ka dira eng go okobala bolaodi ················· · ············ · ·· ········· ········ ···· ······ 

CD 47-48 

jwa boforomaletena? ... . ............... .. .. . ...... . ....... .. .. ........ ........ .. 

Steen-/blokproduksie I Briekibloek production I Kumo ya setena I mokasa 
15 Watter soort stene/blokke word hier gemaak? D bakstene I bricks I ditena 

What kinds of bricks/blocks are producedat this site? D sementstene I cement blocks I 
Ditena dife I mekasa efe di Ie diriswa kwa lefelo Ie? mekasa ya samente 

D grondstene I adobe I ditena 
[MEER AS EEN MOONTLIKE ANTWOORD.] tse seloko 
[MORE THAN ONE ANSWER POSSIBLE.] D ander I other I -sele 
[DIKARBO Dl KA NNA GAPEGO NNGWE.) ........ .... .......... ... ............. . ..... 

Questionnaire No.: ....... ...... .. Date: ... .. .. .. ............ 2004 
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16 Hoeveel stenelblokke word hier in 'n maand gemaak? 
How many bricks/blocks are made on your brickyard ····· ············ ·· ··· ········ ··· ··· ··· · ··· ····· 

permonth? ·········· ·· ···· · ········· ·· ·· · ······· · ··· · ····· 

Ditena I mekasa e mekae e diriswa fano ka kgwedi? ..... .. ..... ... ... ........ .............. ........ 

17 Hoeveel stene word op een slag in die oond: gebak? 
How many bricks are baked in a kiln per go? 
Ditena di Ie kae di besiwa mo bobesetsong gangwe ·· · ·· · ·· ·· · · 

fel a? 
18 Hoe lank moet stene droog voor hulle gebak word? 

How long to the unbaked bricks have to dry befare 
they can be baked? ····· · ······ 
Ke nako e kana kang gore ditena di tshwanetse go 
oma pele di ka besiwa? 

19 Hoe word stene bedek tydens droging (beskerm teen 
reèn)? 
How are the unbaked bricks covered during drying ········ · ·•· · ···· · · ······ ·· ·· · · ····· ············ 

(protection against the rain)? ·· · ··· ·· ···· ··· ·· ·· ······ ·· ·· ·· ··· ·· ····· · ··· · ·· 

Ditena tse ditala di bipiwa jang fa di oma (pabalelo fa ·· ·· ···· ··· ··· ·· ······· · ·· ···· ···· ·· ·· · ·· ······· 

pula e na)? 
20 Hoe lank bak die stene? 

How long are the bricks baked? ········ · · ·· 
Ditena di besa ka nako e kana kang? 

21 Waarmee word die oonde toegesmeer? 
With what is the kiln covered? · ·· ··········· · ··· ··· · ············· ········ ·· ··· 
Bobesetso bo bipiwa ka eng? 

22 Maak hulle nuwe stene terwyl 'n oond bak? 
Do you make new bricks while the kiln is burning? D ja I yes I Ewe 
A lona lo dira ditena tse dintswa bobesetso bo ntse bo D nee I no I Nnyaa 
besa? 

23 Hoe lank koel stene af voor hulle kan verkoop word? 
How long do the bricks have to cool down befare they 
can be sold? ........ . .. . 
Ditena di tsaya nako e kana kang go tsidifala di ise di 
ka rekise? 

24 Wat kos die stenelblokke? graad of tipe I grade or prys I price I Tlhotlhwa 
What is the price of your type I maemo mefuta 
bricks/blocks? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . R ... .. ... . 
Tlhotlhwa ya ditena I · ·· ······· ······ ···· · ··· · ·· ··· R ......... 
mekasa ke bokae? R ···· ·· ·· · ···· ···· ···· · ·· ····· · ······· ·· 

············· ······· ···· ·· · ··· R ....... .. 
·· · ························· ·· R ········ · 
···· ···· · ··· ··· · ·· ······ ·· ··· · R ......... 

per I per I ka .... ... .. ..... . 
25 Hoeveel steneverkoop hulle per maand? 

How many bricks do you se/I per month? ···· ··········· 
Lona lo rekisa ditena di Ie kae ka kgwedi? 

26 Watter dêel van die stene word verkoop aan: 
Wh at share of the bricks is sold to: 
Kabelo efe ya ditena e rekiswa go: 
- mense uit omgewing I people from the neighbourhood I batho ba tikologo ? . ....... . % 
- kontrakteurs I contractors I bakanteraki ? . ........ % 
- ander I other I -sele ? ..... .... .... .. .. ................. .... . .. . . ..... . .. . ........ % 

Questionnaire No.: ... ......... ... ..... . 
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27 Hoeveel koop 'n kliënt op een slag? 
How many bricks does a elient buy per purchase?: 
Moreki o reka ditena di Ie kae ka theko? 
- mense uit omgewing I people trom the neighbourhood I batho ba tikologo ? ··· ·· ···· ·· · · 
- kontrakteurs I contractors I bakanteraki ? ··· ········· · 
- ander I other I -sele ? ··· ·· ·· · · ···· 

28 Hoe betaal mense? 0 kontant I cash I ma di 
How do the buyers pay? 0 werk vir stene I by working for 
Batho ba duela jang? 

the bricks I direla go ditena 

[MEER AS EEN MOONTLIKE ANTWOORD.] 
0 deposito I deposit I peeletso 

[MORE THAN ONE ANSWER POSSIBLE.] 
0 ander I other I -sele 

[DIKARBO Dl KA NNA GAPEGO NNGWE.] 
.... .. . ........... ..... . . .. . .. 

29 Lever jy stene af aan die koper? 
0 ja I yes I Ewe Do you de/iver bricks to where the buyer wants them? 
0 nee I no I Nnyaa 

A o pagolola ditena kwa moreki? 
Indien ja, hoeveel vra jy vir die vervoer van die stene? R ·· ····· ·· · 
lf yes, what do you charge the buyer for the transport? per I per! ka 
Fa 'ewe'- 0 kopa moreki bokae go thotha ditena? ..... ... . ..... . 
Indien ja, met wat se voertuig haal jy die stene af? 
What means of transport are used? ·· ····· ····· ·· ········ ······ ·· ··· 
go diriswa thotho efe? 

30 Maak stene op bestelling? 
0 ja I yes I Ewe 

Are bricks made on order? 
A ditena di dirwa ka taelo? 0 nee I no I Nnyaa 

Indien ja, hoeveel van 'n maand se stene is vir 
bestellings? 
lf yes, what share of the bricks is made on order? . ... .. . .. % 
Fa 'ewe' - Ke kabelo efe ya taelo ya ditena ka 
kgwedi? 

31 Verkoop hulle die rou stene voor gebak? 
0 ja I yes I Ewe 

Do you se/I raw, unbaked bricks? 
0 nee I no I Nnyaa 

A lona lo rekisa ditena tse ditala lo ise lo di bese? 
Indien ja, I lf yes, I Fa 'ewe' 
- Hoeveel van die rou stene word per maand verkoop? I How many of the raw bricks are 

sold per month? I Ditena tse ditala tse di rekiswang ka kgwedi di Ie kae? 

······· ··· ·· 
- Wie is die kopers daarvan? I Who buys them? I Bareki ba tsona ke bomang? 

······· ···· · ·· · ······ ····· ·· ·· ·· · ·· · ·· ···· ·· ···· ····· · 
- Teen watter prys? I At what price? I Ka tlhotlhwa efe? 

R ..... . ... ... 
per I per/ ka ... ... ... ... 

Indien nee, hoekom nie? ······ ····· · ··· ··· · ··· ··· ·· ··· ·· · ··· ·· · ·· · ·· ·· ·· ······· ···· · ·· · ······ ··· · ····· · ··· ·· ··· 
/f no, why not? .. . ....... .... . .... ... ......... ... .. .. . ... .... .. .. . . .. ... ... .... .. ... ... . ... ......... .. 
Fa 'Nnyaa' - Ke goreng ·········· ···· · ···· ·· · ·· ··· · ······ ··· ··· ·· ··· ··· ····· ····· ·· · ········· ·· · ··· ·· · ·· ··· · ·· 
lo sa rekise? ..... . . .. ..... .. .... ... . .... ... .... .... ..... .. .. .... .. . ..... ... . .. .... .. .... ... ... .. .. . 
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Klei I Clav I Mmo pa 
32 Word die klei op die terrein van die steenmakery 

uitgehaal? D ja I yes I Ewe 
Is the clay extracted from the site of the brickyard? D nee I no I Nnyaa 
A mmopa o kgajwa kwa lefelo la boforomaletena? 

Indien ja, wie haal uit? ··· ··············· ··· ······ ··········· ··· ·· ········· ····· · ·· 
lf yes, who extracts it? ···················· ·· ·· ··· ·················· ··············· 
<Tswana> .. ... . ..... .. ........ ... ...... ..... . . .... ..... .. ... ..... .... 

LOS VOLGENDE VRAAG UIT AS ANTWOORD OP VORIGE VRAAG 'JA' WAS. 
SKIP NEXT QUESTION IF ANSWER TO THE PREVIOUS QUESTION WAS 'YES' . 
0 TLOLE POTSO E E LATELANG FA KARASO YA 32 ENE E NA 'EWE' . 
33 Word die klei van 'n ander D ja I yes I Ewe 

plek na die terrein gebruik? 
Is the clay brought to the site D nee I no I INnyaa 

from another location? Indien ja, van waar? 
A mmopa o tlisiwa go lefelo Jf yes, from which location? ······· · ······· ····· ·· ·· · ······· · 
Ie kwa lefelo lesele? Fa 'ewe'- o tla kwa lefelo lefe? 
Indien ja, word die klei door iemand anders afgelaai, of 
gaan haal julle dit self? D afgelaai I delivered I 
lf yes, is the clay delivered at the site by someone else or pagololwa 
do you piek up the clay at the other location yourse/ves? D laai self op I picked up I 
Fa 'ewe'- A mmopao pagololwa •ke motho yo mongwe itseela 
kgotsa lo ya go tsaya mmopa kwa lefelo lesele? 

34 Hoeveel klei kry jy per maand? 
How much clay is obtained per month? ................... ... .. .. . ... . .. ... . .. 
go bonwa mmopa o o kae ka kgwedi? 

35 Hoeveel kos die klei (vervoerkoste ingesluit)? R ........ . ..... . 
How much does the clay cast (including transport casts)? per I per I ka 
Theko ya mmopa e bokae (mmogo thotho)? ..... .... . .. ... 

Steenkool/ Coat/ Lelatlha 
36 1 Waar kom die steenkool vandaan? ········ ······················ ·· ·········· · ····· ·· ···· ····· · ··· ··· ··· 

1 

Where is the coal obtained trom? .. . .... .. .... ........ ... .. .... .... .. ...... .. ......................... 
Lelatlha Ie tswa kae? ·· · ·· · ···· ·· ···· ···· ·· ·· · ·· ·· ··· · ·· ········ · ·· ··· ····· · ···· · ···· ···· · 

37 Word die steenkool op doe terrein afgelaai of gaan haal 
julle dit self? D afgelaai I delivered I 
Is the coal delivered at the site by someone else or do pagololwa 
you piek up the coal at the other location yourselves? D laai self op I picked up I 
A lelatlha Ie pagololwa kwa lefelo Ie ke motho yo itseela 
mongwe kgotsa lo ya go tsaya lelatlha kwa lefelo lesele? 

38 Hoeveel steenkool word per maand gebruik? 
How much coal is used per month? ··· · ······· · · ·························· 
go diriswa lelatlha Ie lekae ka kgwedi? 

39 Hoeveel kos die steenkool (vervoer ingesluit)? 
How much does the co al cast (including transport casts)? R ............... 
Theko ya lelatlha e bokae (mmogo thotho)? per I per I ka ............... 

Questionnaire No.: ..... .. ..... ..... . .. . 
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SANPAD PROJECT Questionnaire tor BRICKYARDS 

Water I Water I Mets i 
40 Waar kom die water vandaan? 0 van 'n pyp I from a pipeline I kwa pompo 

Where does the water come from? 0 water by die steenwerf I a (natura/) water souree 
Metsi e tswa kae? close to the brickyard I motswedi (o motlhaga) wa 

metsi fa faugi boforomaletena. 
0 ander I other I -sele 

······ ···················· ····· ···· ·· ··· ·· ··· ·········· ····· 
41 Hoeveel water word per maand gebruik? 

How much water is obtained per month? 
go diriswa metsi a a kae ka kgwedi? 

42 Betaal julle vir die water? 
Do you pay for your water? 
A lo duela metsi a? 
Indien ja, hoeveel? 
lf yes, how much does the water cast (including transport 
casts)? 
Fa 'ewe'- Ke bokae (mmogo thotho)? 

Grond I Land I Lefatshe 
43 Wat is die grootte van die steenwerf? 

What is the size of the site? 
Saese ya boforomaletena e e kae? 

44 Gebruik jul Ie die stuk grond met toestemming van iemand? 
Do you u se the land with permission? 
A lo dirisa lefatshe Ie ka tetlha? 

45 Huur julle die grond? 
Do you rent the land? 
A lo hira lefatshe Ie? 
Indien ja, hoeveel kos dit? 
/f yes, for how much? 
Fa 'ewe' - Ke bokae? 

LOS VOLGENDE VRAAG UIT AS ANTWOORD OP VORIGE VRAAG 'JA' WAS. 
SKIP NEXT QUESTION IF ANSWER TO THE PREVIOUS QUESTION WAS 'YES'. 
0 TLOLE POTSO E E LATELANG FA KARASO YA 45 ENE E NA 'EWE'. 
46 Het jul Ie die grond gekoop? 

Did you buy the land? 
A lo rekile lefatshe Ie? 
Indien ja, wat het dit gekos? 
/f yes, for how much? 
Fa' ewe' - Theko ene e na bokae? 

Grondbou I Earth Construction I Kago ya mmu 
47 Watter eienskappe is belangrik vir 'n materiaal 

om mure mee te bou? 
What properties do you find important fora 
building material for wa/Is? 
Ditlhago dife ke botlhokwa tsa dikagi tsa go 
aga mabota? 

Questionnaire No.: .... ... .. .... ....... . 

········ · ····· · ······ · ········· · ····· ·· 

0 ja I yes I Ewe 
0 nee I no I Nnyaa 

R ........... .... 
per/per/ka ............ 

·· · ···· ·· ··· ··· ············ · ····· ·· ·· ·· 

0 ja I yes I Ewe 
0 nee I no I Nnyaa 

0 ja I yes I Ewe 
0 nee I no I Nnyaa 

R ··· · ·· ····· ···· 
per I per/ ka .... .. ... ... ... ... 

0 ja I yes I Ewe 
0 nee I no I Nnyaa 

R ..... .......... 

D 196 

1 1 197-199 
'--L----'---' 

D 200 

'---'----'-----'--+D--1 201-205 u 206 

I I I I I I 207-211 

D 212 

D 213 

I I I I I I 214-218 

D 219 

D 220 

I I I I I I 221·226 

~ 
227 

228 

229 

230 

231 

Date: ..................... 2004 



SANPAD PROJECT Questionnaire for BRICKYARDS 

48 Wat dink jy is die gemiddelde kwaliteit van D baie goed I very good I molemo 
mure wat van sengedroogde stene gemaak is? thata 
Wh at do you think the average quality of wa/Is D goed I good I molemo 
made from adobe blocks is? D neutraal I neutral I emelathoko 
Wena o akanya eng ka ga boleng bo bo D swak I poor I bokoa 
palogare jwa mabota a a dirilweng ka mekasa D ba ie swak I very poor I bokoa 
ya seloko? thata 

49 Hoeveel d'nk jy sal mense betaal vir die 
1. sengedroogde stene I sun-

volgende stenelblokke? (Prys per steen) R ... . .. .. . 
How much do you think people would be willing 

dried bricks I ditena tse ditala 

to pay for the following bricks/blocks? (Price 2. gestabiliseerde adobe I 
per brick) stabilized adobe I ditena tsa R ... ...... 
Wena o akanya eng ka ga boleng bo bo seloko tse ditlhomameng 
palogare jwa mabota a a dirilweng ka mekasa 3. gekompakteerde 
ya seloko? grondstene I compressed R ..... . ... 

earth bricks I ditena tsa mmu 
[SHOW PICTURES OR SAMPLES OF DIFFERENT tse dipapietsenÇJ 
TYPES OF BRICKSIBLOCKS.] 

4. gebakte steen I baked brick 
R .. ....... 

I setena se sebesitseng 

50 Sien jy enige probleme met die gebruik van sengedroogde 
stene vir mure? 
Do you see any problems with the use of adobe blocks for D ja I yes I Ewe 
wa/Is? D nee I no I Nnyaa 
A o bona mathata a mangwe ka tiriso ya ditena tse ditala go 
mabota? 

Indien ja, watter ········· ··· · ·· ···· ·· ········ · ····· ·· ··· ·· ··· ·········· ·· ··· ··· · ·· · ·· ······ · ···· · ··· ··· 
probie me? ·· · ····· ······ · ··· ········ · ··· ···· ·· ··· ··· ··· ·· · · ·· ·· ··· ····· ·· · ··· ·· · ·· ······ ······ ··· 
lf yes, what prob/ems? ····· · ·· · ··· ·· · ··· ··· ····· ··· · ·· · ·· · · ·· ····· · ·· · ·· · ···· ···· ··· · ··· · ··· ··· ·· ··· ····· · ·· · 
Fa 'ewe'- Mathata ·· · ·· · · ·· ·· ····· ···· · ··· ··· ··· ··· ····· · ·· ··· · ·· · · ··· ·· ··· ····· · ··· · ·· ·· ···· · ······ ·· ··· 
afe? ... .... ...... .. ... ... ...... ... .... .. ........ . .... .. .... .. . .. ... . ... .. ... . . . ... ... . .. ... 

51 Sal jy graag willeer om ander soorte stenelblokke te maak? 
Would you be interested in leaming to produce other kinds of 

D ja I yes I Ewe bricks/blocks? 
A o tla rata go ruta go uma ditena tse I mekasa ya mefuta D nee I no I Nnyaa 

esele? 

Indien nie, hoekom nie? ·· · · ··· ·· · ··· ·· ······ · ·· ··· ··· ·· · · ·· · ·· · ············· ·· ····· ··· ···· ··· ··· ·· ··· · ·· ···· ·· 
lf no, why not? · ·· ·· ··· · · ·· · ·· · ··· ···· ·· ·· ··· ··· ··· ··················· ····· ··········· · · ·· · ···· · · ··· ·· 
Fa 'nnyaa'- ho reng? ·· · ·· · · ··· ··· ·· ·· · ··· ······ ···· ··· ·· ······························· ··· ·· ·········· ·· ··· 

···· · ····· ·· ··· ··· ··· ·· · ··· ·· · ··· ·· · ·· ·· ············· · · ···· · ······ · ·· · ··· ·· · ··· ··· ··· ·· 
················ ···· · ··· ··· ··· ··· · ·· ··· ·· · ·· · ········· · ·· ····· · · ·· · ··· ·· · ·· ············ 

52 Sal jy 'n werkswinkel bywoon waar jy geleer word om 
gekompakteerde grondstene I gestabiliseerde grondstene te 
maak? 

D ja I yes I Ewe Would you aftend a workshop in order to team how to make 
compressed earth bricks (GEB) I stabilized adobe? D nee I no I Nnyaa 

A o tla tsena bodirelo gore o rutiwe go uma ditena tsa mmu tse 
dipapietseng (GEB) I ditena tsa seloko tse ditlhomameng? 
Indien nie, hoekom nie? ··· ····· · ··· ···· ··· ······· · ·· · · ·· ···· ·· ······ ··· ················ ·· ··· ···· ··· ·· ·· · ·· ·· ·· 
lf no, why not? ·· · · ·· · ·· ···· ·· ··· ··· ····· · ·· ·· ···· ·· ·· ······ ··· ···· · ·· · ·· · · · ·· ··· ·· · ··· · ··· ···· · ······ 
Fa 'nnyaa'- go reng? ········ · ··· · ·· ········ · ··· ·· · ·· · ··· ·· · ····· ·· ·· ···· · · ·· · · ······· · ··· ······ ··· ··· ······ 

· ·· · ··· ·· ··· ·· ·· ··· ······ ·· ···· · · ········ · · ············ ·············· ··· ····· · ·· · ······ 
· ·· ·· · ·· · · ·· ···· ·· · ·· ········· ·· ··· ··· ·· ······················· · ···· · ··· ··· ··· ··· ····· · 
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SANPAD PROJECT Questionnaire for BRICKYARDS 

Indien ja, in watter taal? D Afrikaans I Seafrerikanse 
lfyes, in what /anguage should the workshop be given? D Eng/ish I Seesimane 
<Tswana> D Tswana I Setswana 

D Sotho I Sesotho 
53 Dink jy die gebruik van sengedroogde stene vir geboue is 'n D ja I yes I Ewe 

goeie ding? 
D nee I no I Nnyaa 

Do you think the use of adobe tor building is a good thing? D geen opinie I no apinion I 
A o akanya gore tiriso ya ditena tsa seloko go meago ke ga ke na kakanyo 
siame? 
Redes: ···· ····· · ···· · ··· ························· ·· ·············· ········· · · ·· ············ ··· 
Reasons: ...... . ........ .. ........................ . .......... ... ...... .. ... ........... . ... ...... 
Mabaka: ··· ·· · ··· ··· ···· · ····· ·· ······ ·········· ····· ····················· · ·· · ······· · ·· · ······ 

.. . ............ ....... .. . ................ . .... . ............... . .............. .... ...... 

··· ······ ··· ·· ·· ····· ····· · ·· · ···· ······ ·· ·········· ··· ········· ············· · ··· ···· ·· 
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